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_ PC IS FIRST 


For years, Perfect Circle has been investing heavily 
in the future of our industry with a research program 
that brings together the finest in facilities and per- 
sonnel. It has resulted in new products such as the 
Road Test Simulator. 

This ingenious electronic programing system now 
makes it possible to repeat actual road tests right in 
the laboratory—each one identical, duplicating 
traffic conditions and driver habits. 

First, a master road test is recorded on magnetic 
tape—with a taxi in city traffic, or a truck on a turn- 
pike... perhaps a tractor in a field. Throughout, the 
PC Simulator electronically records a variety of en- 
gine conditions: RPM, manifold pressure, oil and 
coolant temperatures. These actual operating con- 
ditions can then be recreated time after time in test 
engines on laboratory dynamometers. Since the units 
being tested are the only variables, comparative re- 
sults are much more informative than ever before. 

The Perfect Circle Road Test Simulator is now 
being used at several of America’s leading research 
facilities to achieve better engineering, faster and at 
less cost. For information about this new product— 
created and developed by Perfect Circle advanced re- 
search—and how it can help solve your engineering 
problems, contact your Perfect Circle representative. 


PERFECT (// CIRCLE 


PISTON RINGS * PRECISION CASTINGS © SPEEDOSTAT * ELECTRONIC PROGRAMING EQUIPMENT 
Hagerstown, Indiana « Don Milis, Ontario, Canada 
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Cautious air industry braces for SST 

Basic requirements for the supersonic transport have stirred up a sea 
of conjecture: What will it look like? How will it operate? (Papers 
Nos. 341A—F) — (See box on page 33). 


How Falcon weight was controlled 

Techniques used to establish and maintain target weights in original 
development of the design. ‘(Papers Nos. S298 and S300) — J. D. Collins 
and H. L. Browne 


Better bores seen for aluminum cylinders 
Alternatives to the long-used pressed-in or cast-in liners are described. 
(See box on page 41). 


TCA’s experience with Conway 

Two programs are helping to improve the reliability of the Rolls- 
Royce Conway turbine engine, which powers TCA’s DC-8 aircraft. (Pa- 
per No. 345C) — J. T. Dyment and J. J. Eden 


Centerpoint steer axle reduces effort 

Use of the centerpoint steer axle on trucks is amply justified by the 
substantial reduction it brings about in the effort required to steer the 
vehicle. (Paper No. 368B) — K. M. Koch 


Better braking for gas turbine vehicles 

Energy gained on sustained downhill grades by heavy-duty vehicles 
can be absorbed by a gas turbine of conventional layout through a 
number of methods. (Paper No. 347C) — Kenneth A. Austin 


1 do and 4 don'ts for gear design 
Article shows what to do and what not to do when matching gear 
designs to production processes. (Paper No. 333B) — W. G. Wallace 


Can tracer test predict long-term wear? 

Radioactive techniques permit accurate measurement of piston ring 
and cylinder wear. Short-term tests, however, do not provide adequate 
basis for prediction of long-term wear. (Paper No. 324A) — James J. 
Gumbleton 


Unitized or body-frame construction? 

Cars produced with unitized or body-frame construction can be 
equally good. The unitized construction is more economical for compact 
cars, but economics is the major obstacle to unitizing larger cars. (Paper 
No. 317A) —D. N. Frey and J. W. Richards 


Designing shafts for finite life 

A simplified procedure for shaft design is presented here. It is ap- 
plicable to steel shafts in pure torsion, or bending, or combined bending 
and torsion. (Paper No. 359D) — P. E. Burke 


Stress rupture data for refractory metals 

Electron beam heating can be used as a heat source in stress rupture 
testing of columbium, molybdenum, tantalum, tungsten, and their alloys. 
Temperatures of 2400 F to above the melting points of these metals can 
easily be obtained by this mode of heating. (Paper No. 354D) —Al 
Donlevy and Jack K. Y. Hum 


Leaner S.I. engine diet boosts efficiency 

Lower fuel/air ratios mean more complete combustion and decreased 
flame temperatures. Heat loss to the metal walls is reduced, along with 
chemical dissociation and the mean specific heat of the gases. The 
problem is: can an engine be made to run leaner? Recent experiments 
indicated how. (Paper No. 380D) —Prof. Jay A. Bolt and David H. 
Holkeboer 


Here’s a vehicle for that trip to Mars 

A medium-thrust nuclear electric rocket is proposed for a 3-man 
orbit-to-orbit earth-Mars round-trip mission. Total trip would take 
one year, with a payload fraction of 0.345. (Paper No. 338A) —R. W. 


Hallet, Jr. and S. Gronich 
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Testing compression ring wear .................... 68 
Radioactive tracer technique tells effect of diesel design variables. 
(Paper No. 362B) — J. J. Martin and Hugh A. Williams 






Turboelectric APU’s for space vehicles .............. 71 

Turboelectric accessory power units will have increasing power re- 
quirements over the next 10 years. This will lead to higher cycle 
temperatures, which, in turn, will mean substituting alkali metals for 
the mercury now used as the working fluid. (Paper No. 350A) — Daniel 
P. Ross and J. Edward Taylor 


Predict reliability first oli dl 74 

Even before hardware is available the reliability of a completed paper 
design can be predicted. It is only necessary that two statistical dis- 
tributions be available, as described here. (Paper No. 343A) — René 
Bussiere 













Pros and cons of coupled semitrailers .............. 77 

Experience with the coupled semitrailer indicates that its use will 
facilitate the handling of freight and lower cost of operation. (Paper 
No. 358D) — Robert L. Douglas 







Service-free suspension, steering systems ............ 78 

Service-free for life automotive chassis-suspension and steering 
Systems are a logical and inevitable advance in the automobile’s parade 
of progress. — Paul P. Thomas 







Design so your adhesives stick .................... 80 
Contact areas and loads are important considerations. Case histories 
illustrate new applications. — M. E. Lerner 






Integral frame structure is for small car ............ 82 
New separate frame technology offers many advantages for over-100- 
in.-wheelbase cars. (Paper No. 317D) — W. G. Pierce 






Plasma arc — new fabricating tool .................. 84 

Electrical process cuts, plates, and welds metals. Provides research 
with high temperatures and high-velocity gas streams. (Paper No. 
340H) — R. L. O’Brien 







Towboat builder-operator states his needs .......... 87 

Fuel economy and reliability are the characteristics most sought in 
prime movers for push-type towboats on western rivers. The weight of 
the powerplant is of little importance. (Paper No. 378B) —C. R. 
Horton, Jr. 









High-strength steels cut weight, costs .............. 88 

The combination of lower weight and material cost is of special 
interest to automotive equipment designers because, in some instances, 
weight reductions accompanied by increased cost have been justified on 
the basis of increased capacity or payload. (Paper No. 327B) — 
G. Haaijer 








People are concern of management ................ 92 
Specific ways to help people do ever better work are suggested here. 
—R, W. Bradshaw 







Why and how of hydrodynamic drive units .......... 94 

Complete smoothness during speed ratio changes, and torque ratio 
changes in the case of the torque converter, is the advantage offered by 
hydrodynamic drive. The nature of these changes is complex, but the 
unit is relatively simple, completely automatic, and reliable. (Paper 
No. 359A) — E. W. Upton 








Radiative transport cools rocket nozzles ............ 96 

The usual mode of heat transfer in solids is thermal conductivity, but 
a recent study shows great advantage in designing for radiative trans- 
port of energy. This method of extracting heat can drastically reduce 
rocket nozzle wall temperatures. Since the trend is toward higher and 
higher temperatures, this could be an important development. (Paper 
No. 354A) — H. P. Kirchner and F. A. Vassallo 
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NEW PARANOX 221 


An improved detergent inhibitor 
designed for Series 3 lubricants 


Paranox 221, a new detergent-inhibi- 
tor package, is a potent additive for 
formulating Series 3 Oils. These lu- 
bricants are required to meet the 
severe lubrication needs of all engines 
found in heavy duty diesel equipment. 
Oils formulated with only 11-12 
volume % of Paranox 221 will meet 
these demanding requirements. 

The outstanding property of 
Paranox 221 is its excellent detergent 
inhibition action in base oils, demon- 


Test piston from Caterpillar 1-G supercharged die- 
sel engine after 480 hours operation with Series 3 
lubricant. Clean ring zone emphasizes excellent de- 
tergent-inhibition properties of new Paranox 221. 


strated by high piston cleanliness in 
Caterpillar 1-D and 1-G (shown above) 
supercharged engine tests. It also im- 
parts long-term oxidation stability, 
rust protection and antifoam proper- 
ties to finished lubricants. Because of 
these properties, a Series 3 lubricant 
formulated with Paranox 221 can be 
effectively used in various other appli- 
cations where the equipment manu- 
facturer recommends Series 3 oil, such 
as transmissions and final drives. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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For a comprehensive new bul- 
letin on Paranox 221, write to 
Enjay at 15 West 5ist Street, 
New York 19, New York. 
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CHICAGO SPRING-LOADED FLAT 
VALVE HYDRAULIC TAPPET 


PUSH ROD TYPE FOR COMPRES- 
SION RELEASE APPLICATION 


v-8 AUTOMOTIVE HYDRAULIC 
TAPPET APPLICATION 


Designing valve gear? 


We invite you to use these 


specialized CHICAGO services 


INSERT TYPE ROCKER 
ARM UNIT 


THREADED TYPE ROCKER 
ARM UNIT 


HYDRAULIC UNIT ON 
END OF PUSH ROD 


Design 

of complete valve gear 
installations for any type 
of engine . . . passenger 
car, truck, tractor, diesel, 
aircraft or industrial. 


Development 
engineering 

based on years of specialized 
experience in valve gear 
problems. The skills of our 
engineers will prove a 
valuable addition to your 
own engineering staff. 


Tappet 
manufacturing 


CHICAGO’s facilities 

insure precision-manufactur- 
ing, scientific testing and 
rugged, trouble-free 
performance in every tappet. 
We welcome the 
opportunity to serve you. 


THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 @ DIVISION OF STANDARD SCREW COMPANY 


2701 WASHINGTON BOULEVARD, 


BELLWOOD, ILLINOIS 
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AEROSPACE 

Selection of Freight Consolidation 
Systems for Air Transport, W. H. 
OBRECHT, N. B. HELMES. Paper No. 
335A. Problem of selecting efficient 
materials handling system for mod- 
ernization of airfreight carrier opera- 
tion; “materials handling system” ele- 
ments considered include: terminal, 
cargo handling and _ consolidation 
within terminal, terminal-to-aircraft 
link, and aircraft of end and side 
loader type: method, based on cargo 
characteristics, for evaluating proposed 
systems and as aid to tailoring specific 
elements of materials handling system 
to fit cargo. 


Unitization— Stimulus to Air 
Freight, E. W. FULLER. Paper No. 
335B. Application of systems analysis 
approach to determine for commercial 
air carriers, airborne and ground sup- 
port equipment required to process 
freight from consignor to consignee; 
evaluation of effect of use of hardware 
on operating costs was corollary objec- 
tive; aircraft equipped with Lockheed 
Air Freight System can effectively pro- 
vide transport media. 


Air Cargo is Here to Stay, if —, C. 
FROESCH. Paper No. 335C. Place of 
commercial air cargo in transportation 
system depends on its advantages over 
existing means of transport, its eco- 
nomics to shipper or consumer, its reli- 
ability and regularity; first two factors 
are dictated by cargo aircraft design 
and operational procedures; outline of 
7 basic cargo aircraft specifications; 
mechanized loading system for efficient 
and low cost cargo handling; to com- 
pete with similar truck costs, cargo air- 
craft should have 75 ton capacity, 
simplicity of design, and other require- 
ments. 
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Air Cargo Development — What Sets 
the Course? E. JOHNSON. Paper No. 
335D. Factors involved and effects on 
air cargo’s past rate of growth; present 
0.05% of total intercity ton-miles now 
moving in air could be carried in only 
20 proper cargo aircraft; should air 
cargo come into its own, and move 5% 
of total, then 2000 of such aircraft 
would be usefully employed. 


New Types and Applications of Tur- 
bine Engines for Short and Vertical 
Take-off, J. M. STEPHENSON. Paper 
No. 337B. Considered are rotary-wing, 
STOL aircraft with high wing lift co- 
efficients, VTOL aircraft using propul- 
sion engines for direct lift, VTOL’s with 
convertible and with separate lift en- 
gines; study of gear systems shows that 
simplified gears may cut helicopter 
costs; turbine-powered BLC shortens 
airfield needs; propulsion engines not 
well suited for lift; convertible engines 
pose airframe problems; separate lift 
engines show greatest promise. 


Evaluation of Army’s VTOL Test 
Beds, J. BEEBE. Paper No. 337C. Ob- 
jective of test bed program to prove 
feasibility and provide fundamental in- 
formation about selected types as basis 
for anticipated future requirements; 
data obtained on VZ-2, -3, -4, and -5 
respectively: Vertol tilt wing, Ryan de- 
flected slipstream, Doak ducted Fan, 
and Fairchild deflected slipstream type; 
it is concluded that test beds, by pro- 
viding fundamental flight information, 
have made practical design of larger 
and more useful VTOL aircraft; prob- 
lem areas and operational aspects to 
explore. 


GROUND VEHICLES 


Truck Aerodynamics, H. FLYNN, P. 
KYROPOULOS. Paper No. 284A. 
Wind tunnel data on drag of Chevrolet 
truck-trailer combination; possible 
means of drag reduction examined; at 


continued on page 6 


TEAR ALONG PERFORATION 


Readers Information Service 


Advertising Information Available 


@ If you would like further engineering information on any of the products 
ADVERTISED in this July 1961 issue, CIRCLE THE APPROPRIATE 
PAGE NUMBERS in the list BELOW. Requests will be forwarded to the 


advertisers. 


@ Please fill in your NAME, COMPANY, AND ADDRESS on the BACK of 


this form. 


152 

153 

154 

155 

156 

157 

158 

159 

160 

161 right 

163 

164 

Inside front cover 
Inside back cover 
Outside back cover 


149 

150 

151 left 

151 top right 


@ COMPLETE PAPERS on which July, 1961 SAE Journal articles are 
based are available in multilith form. Circle PAPER NUMBERS ON THE 
BACK OF THIS FORM of any papers you wish to buy. 





oe $. 


Briefs of 


SAE PAPERS 


continued from page 5 


about 60 mph, rolling resistance and 
aerodynamic drag are equal; for truck 
of 55,000 lb GVW, these are about 100 
hp each; data indicate reductions in 
drag as high as 37% are possible by 
changing from square to round trailer 
front; this would result in substantial 
saving in power and fuel. 
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nection with Radio Frequency Inter- 
ference, B. H. SHORT. Paper No. 
315A. Background and organization of 
committee appointed to consider TV 
interference created by automobiles 
and trucks and methods of interference 
reduction; work of Vehicle Radio In- 
terference Subcommittee consisting of 
3 working parties to study receivers, to 
determine permissible level of inter- 
ference, suppression methods, and to 
develop instrumentation and methods 
of measurement; international aspects 
and work of Special International 
Committee. 


Operations Research on Driver Be- 
havior, F. N. PLATT. Paper No. 319B. 
Study of driver, vehicle, and environ- 
ment relationships simultaneously 
rather than as single components, and 
driver behavior without reference to 
accidents; methods and experiments 
providing data on physical and psy- 
chological reaction of drivers under 
actual driving conditions; effect of en- 
vironment and of different vehicles and 
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equipment on driver actions; evalua- 
tion of traffic flow theory, relating ac- 
tions to various traffic densities and 
movements; driver education. 


1961 Tempest Driveline, F. F. TIMP- 
NER. Paper No. 320A. Design con- 
cept separating engine and transmis- 
sion; characteristics of drive line, 
developed by Pontiac Div. of General 
Motors, featuring long, thin torsion 
bar; it accommodates misalignment of 
engine and transaxle by bending in 
circular arc; torque transmitted is uni- 
form and has no second order disturb- 
ance added; stress analysis, layout of 
engine and transaxle axes and vibra- 
tion analysis; problem of bending vi- 
brations; graphs showing bending fre- 
quency coefficients and critical speeds. 


New Buick Low-Profile Driveline, 
F. R. DALEY, R. J. CHRISTENSON. 
Paper No. 320B. 1961 drive line was 
programmed for reduction in tunnel 
height, improved seat construction, and 
greater rear suspension travel for im- 
proved ride; approach used by estab- 
lishing basic policy points; use of dou- 
ble Cardan joint and design of device 
which would make double joint self- 
supporting, and self-aligning; arrange- 
ments considered and final design; 
nature of universal joint disturbances 
and constant velocity joint; ball cen- 
tering mechanism and overall balanc- 
ing control. 


Engineering Continental Driveline, 
D. R. VEAZY. Paper No. 320D. Pack- 
age and program objectives dictating 
1961 Lincoln Continental driveline, 
subsequent design, development, and 
tuning; use of double Cardan type con- 
stant velocity joint and testing in- 
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PROFIT - PERFORMANCE ¢ DEPENDABILITY 


ROCKWELL-STANDARD 
BoB 


FULL POWER SHIFT 
TRANSMISSION 


“pither. kpoiiy.. ROCKWELL-STANDARD R 


CORPORATION. 


SAE JOURNAL, JULY, 1961] 


ear eee 


Loaders and similar heavy-duty vehicles teamed with these components are “‘computer applicated”’ 
for a winning performance. Optimum traction, acceleration and power utilization assure faster work 
cycles with larger per hour profits. 


Rockwell-Standard type BDB 
Hydra-Drives transmission com- 
bines in one package the desirable 
features of a hydraulic torque con- 
verter and full power shift transmis- 
sion with compact “built-in” drop 
box construction. Clean, rugged, 
four-speed countershaft design re- 
duces maintenance costs. Built to 
last, it contains up to 35% fewer 
parts, is easier to understand and 
quicker to service. 


Rockwell-Standard Planetary Axles assure de- 
pendable, rugged, efficiently designed units 
capable of maximum performance on any heavy 
duty operation. Exclusive features provide equal 
distribution of loading to all planetary gears— 
a minimum of maintenance—constant lubrication 
of all parts—and a full range of capacities in rigid 
and steering axles. 


KWwe 
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Transmission and Axle Division, Detroit 32, Michigan 





DO YOU need a versatile engineering material 
to repel water, stop rust, stop dust? Or a mate- 


rial that is flameproof or mildewproof . . . resist- 
ant to sound, odor, friction, acid, alkali, oil, heat, 
cold or wear? Think of Western Felt. 


Western Felt can supply over 92 different 
TREATED FELTS to meet your specifications 
and give special protection long after other 
materials break down. 


A—Flameproofed felt rattleproofs fire extinguishers. 

B—Mildewproofed felt repels water while lubricating air conditioners. 

C—Polyethylene-treated felt around car clutch arm stops dust, motor noise, odor. 

D—Polypropylene-treated felt around accelerator rod resists friction, acids, 
alkalies, organic solvents. 

E—Resin-coated felt around clutch arm resists oil and water, seals off driving 
compartment. 

F—Wax-impregnated felt resists water—makes an extra-firm steering-column seal. 

G—Waterproofed felt bars water and dust from gear box. 

H—Adhesive-coated felt quickly affixed, lubricates porcelain shoe on clothes dryer. 

J—Wax-impregnated felt repels water, prevents corrosion, seals junction box 
on truck trailer. 

K—Hycar-impregnated felt resists abrasion and wear—seals lint trap on clothes 
dryer. 

L—Tefiton-coated, latex-impregnated felt around clothes dryer drum reduces 
friction, motor load—withstands heat. Tensile strength extends dryer life. 


WESTERN Tar 
F our free 
ts sample 
Berens brochure of 
* i ¢ Treated 


“se” 


Dept. S, 4021-4139 Ogden Ave., Chicago 23. Branches in principal cities. i 


——— 


MANUFACTURERS AND CUTTERS OF WOOL FELTS AND SYNTHETIC RUBBER 
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MORE SPACE FOR ACCESSORIES 


with the Eaton Crankshaft-Driven 
Power Steering Pump 


By eliminating the need for mounting brackets, pulleys, and v-belts, the 
Eaton Direct Crankshaft-Driven Power Steering Pump saves valuable under- 
hood space. The oil reservoir is remotely mounted—out of the way. Direct 
crankshaft drive provides power for steering under all conditions; eliminates 
the need for belt adjustments. 


The Eaton Crankshaft-Driven Pump is an advanced version of the basic Eaton 
Roll-Pump design which has been performance-proven in operation on many 
leading passenger cars, motor trucks, and tractors. High efficiency, dependa- 
bility, quiet operation, and low cost maintenance are tangible benefits inherent 
in this design. 


If you are concerned with improving steering performance while cleaning 
up engine front end design and gaining additional under-hood space, call on 
us. Your inquiry will receive immediate attention. 


_————- PUMP DIVISION ———_- 

-EATO MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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SEE WHAT YOU GET IN A BEARING 
Drath — THAN A NICKEL 


gton Needle Thrust Be offer true anti-friction operation, high thrust capacity, 
2 ra lo ‘Tenanbietl cker than a nickel or ordinary thrust washer. 


have an O.D. much smaller for a given shaft RACES IF YOU WANT THEM 

g. You can run them on hardened and ground Standard races are available. 

d race They're completely self-contained . . . can be easily Otherwise Torrington Needle 

! installed Thrust Bearings may be run 


, = : directly on hardened and 
er Torrington Needle Thrust Bearings next time you need better performance in ground adjacent surfaces 


a restricted space. Call or write us for more information. 

progress through precision TORRINGTON BEARINGS 
ila ia at acacia atte aia SI Danaea 
T io £ T © R rR f he G T Oo Mi Cc Oo M SP A Pe 4 Torrington, Connecticut «+ South Bend 21, Indiana 
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Lip pressure...too much | or too little, 


and you’ve a leaker for sure! 


Ideal sealing conditions are (1) shaft in bore center, (2) no runout, 
(3) seal not cocked, (4) seal concentric, (5) bore round and smooth, 
(6) shaft round and properly finished, (7) seal proper size. 


Meeting these conditions is complicated, frequently requires special seal 
design or the specialized knowledge of National Seal engineers. 


Sealing problems should be anticipated and answered on the board, not 
in production. Why not call your National Seal engineer now about your 
current project. He’s in the Yellow Pages, under Oil Seals or O-Rings. 


O 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio; Redwood City and Downey, California 
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THE MOST ECONOMICAL WAY FROM HOME TO 
WORK IS THROUGH STROMBERG 


Stromberg” carburetors prove their built-in 
economy in the toughest test of all—‘‘city’”’ 
driving. They deliver the kind of good gas 
mileage that your car owners want. 

In the 1961 Pure Oil stop-and-go trials at 
Daytona Beach, Strombergs helped Stude- 
baker Larks place first and second in the field 
of 17 cars in Class IV. 


Help boost your engine’s reputation for 
economy and dependability. Specify Strom- 
berg—product of Bendix’ fuel system experi- 
ence of over 40 years. 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 





MECHANICS 


Make Roller 8 


eaing Joints 


For Every Kind of Product 


Application.... 


one 
oe 
— 


The Adaptability And Dependablity Of Our Joints 
Help YOU Design A More Perfect Product 


MECHANICS specializes in Roller Bearing Univer- 
sal Joints in sizes ranging from 200 to 50,000 foot 
pounds torque capacity and have perfected these 
joints to help YOU design a more perfect product. 
Millions of aircraft, cars, trucks, busses, tractors, 
farm, marine, construction and industrial machines 
of all sizes and types benefit from MECHANICS 
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progressive engineering talent. Practical design, 
close-tolerance machining and heat treated parts 
assure smooth running joints and long, dependable 
service. Let our engineers help you today, send for 
our NEW FREE CATALOG J-1960, which gives 
dimensions, capacity tables and complete specifi 
cations. 





PISTON RINGS... j 
SEALING RINGS 


For 


“ON 
TIME”’ 


oe. Requirements 


all on 


McQUAY- 
NORRIS - 


Meeting important deadlines for you is a most important part of our operation. 
Let us know your time needs and then depend on us to do the rest. In addition 
to quality, we pride ourselves on “ON-7/ME” delivery! 


McQUAY-NORRIS MANUFACTURING CO., ST. LOUIS * TORONTO 
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Uniform 3° tapered bead seats assure 
compression fit for all flat bead tires 


Exclusive Job-Master rim design 
minimizes bead chafing 


TWO IMPORTANT FEATURES- introduced with Job- 

Master rims—virtually eliminate bead chafing: 

1 Full bead support—achieved through exclusive 
* 3° tapered bead seats which lock both tire beads 

firmly in place. 

2 Integral seat and flange insures a concentric fit 
"under both beads. Extra strength minimizes 

flexing. 

WHAT’S MORE: Only Job-Master provides all these 

additional features e@ Rubber sealing ring and 

round valve hole to seal out corrosives and erosives. 


Lots of good things come from 
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e Integral flange and bead seat for better balance 
and alignment e Industry’s closest manufacturing 
tolerances for minimum of lateral and radial run- 
out e Standard 28° bevel for full interchange- 
ability with existing equipment. 


ACT NOW-find out how Job-Master can help you 
cut costs and eliminate premature tire failures. 
Get all the facts on this first rim to meet the exact- 
ing needs of modern tire design. See your Goodyear 
Rim Sales Engineer or Distributor. Or write 
Goodyear, Metal Products Division, Akron 16, Ohio. 


GOODFYEAR 


Job-Master—T.M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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PERFORMABILITY 


U.S. Pat. No. 2,789,872 Stainless Steel Oil Ring 


ad 


- | . : _ 
/ ' Rh 1 BY STUDEBAKER 
/7 


KromeX by Sealed Power 


with Stainless Stee! Oil Rings 


TESTED AND APPROVED 
tudebaker ackard 
for all Secica Pa ~KromeX replacement sets 


Oo Easy to install 

@ Seat instantly 

€) Hold their fit in the cylinder 
unmatched oil control and last © Maintain their original tension 


longer for these 5 reasons— © Chrome-plated side rails for extra life 


KromeX piston ring sets with 


Stainless Steel oil rings* deliver 


For outstanding performance, every KromeX set also has 
chrome-plated top compression rings. 


* Positive blow-by control * Factory-lapped for instant seating 


* Long Life 


*Manufactured by Sealed Power Corporation, Muskegon Michigan 
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Missouri contractor reports 
“sizeable savings” with new-type 


CLAM PUD 


Like most owners of transit-mix trucks, L. W. Riney Corporation, Hannibal, 
Missouri, had always considered high maintenance on mixer drive mechanisms “‘an 
inescapable nuisance.” 

Drums were driven by a separate engine—which of course needed fuel and 
maintenance of its own—or by bulky, unwieldy, complicated chains or belts. 

Then Riney bought the mixer shown. The truck, a Dodge CT-800. The mixer, 
a “Rocket”? by Concrete Transport Mixer Company of St. Louis. The drive, a 
Clark fully-synchronized transmission, (standard in most big Dodge trucks) plus 
a new-type Clark Power Takeoff Unit. 

This PTO couples engine flywheel direct to mixer drive. It eliminates auxiliary 
engine, belts, and chains. And it provides maximum horsepower to rotate the 
mixer efficiently at all engine speeds. 

““Maintenance savings have been sizeable,’’ says Mr. Riney. ‘“‘We’re very well 
satisfied!”’ 

Check this money-saving Power Takeoff for yourself. It can be installed in new 
or in-use vehicles, using in most cases standard parts. Write for details. 


i Ls] 3 CLARK EQUIPMENT COMPANY 
AUTOMOTIVE DIVISION 
Sa BUCHANAN 5, MICHIGAN 
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Car owners prefer steel for safety and the strength that lets it keep its good looks. Automotive 
designers appreciate its freedom of design, the fact that it permits deeper draws and more 
intricate forming than lighter metals such as aluminum. Production engineers recognize its 
superior fabricating qualities and know that steel polishing costs are far less. 


When it comes to bumpers (or other parts that require strength, design flexibility and low 
manufacturing costs), steel is stronger—looks better longer. Great Lakes Steel Corporation, 
Detroit 29, Michigan. 


GREAT LAKES STEEL is o sivision or NATIONAL STEEL CORPORATION 


That's the beauty of Steel 





a HIGH-SPEED OPERATION 

Balanced release levers 
permit high-speed 
drives. Lever “throwout” 
is eliminated for longer 
bearing life. Patented 
anti-friction rollers give 
instant release with min- 
imum pedal pressure. 


with Rockford Spring-Loaded Clutch 


Og HIGH-TORQUE DESIGN 


Powerful engagement 
springs, properly spaced 
over the facing area, as- 
sure maximum driving 
contact. Compact, low- 
inertia design prevents 
gear clashing and de- 
layed shifting. 


Ey accurate rit 


Close-tolerance drive be- 
tween cover and pres- 
sure plate assures 
smooth starts. Highly ac- 
curate bolt circle fits flat 
flywheels—accurate out- 
side pilot diameter fits 
counterbored flywheels. 


International model C-130 Dump Truck equipped 


Go SMOOTH ENGAGEMENTS 

Dynamic and static bal- 
ancing assures you of 
smooth, enduring clutch 
performance. Both driv- 
ing and driven members 
are balanced to elimi- 
nate vibration. 


3 VIBRATION DAMPENER 


Coil-spring vibration 
dampener absorbs vibra- 
tions between engine 
and transmission. Noise, 
rattle and thrash in the 
gear train are eliminated 
for smooth, quiet clutch 
operation. 


Gg HIGH-TEST FACINGS 

Using only the highest 
quality facings, Rock- 
ford Clutches give extra- 
long clutch life, provide 
cushioned starts, reduce 
scoring and greatly cut 
costs of downtime re- 
placement and labor. 


ROCKFORD 
SPRING-LOADED 
CLUTCH 


PERFECT ALIGNMENT 


Close-tolerance splined 
hub assures perfect disc 
alignment. Through- 
hardened hub gives long 
life. Precision manufac- 
turing and rigid quality 
control eliminate chan- 
ces for misalignment. 


7 Good Reasons Why idea-Men 
Count on Rockford Reliability 


Above are seven reasons why more and more design men specify Rockford 
Spring-Loaded Clutches. Equally important, ROCKFORD RELIABIL- 
ITY is due to 63 years of creative engineering, precision manufacturing 


and rigid quality control. 


Rockford offers complete design engineering 


service at no cost or obligation. You’re backed by a worldwide service 


network. Write today for complete details on ROCKFORD RELIABILITY. 


ROCKFORD CLUTCH 


Export Sales Borg-Warner International * 


316 CATHERINE STREET, ROCKFORD, ILLINOIS 
36 So. Wabash, Chicago, Ill. 


ENGAGED 


DIVISION 
OF 
BORG- 
WARNER 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


ate 


Great new advance 
in automotive rubber 


Here is a new rubber that’s unmatched for oil, weather, 
and abrasion resistance. It’s new PARACRIL® OZO, the finest 
achievement yet in the nitrile rubber field. PARACRIL OZO's 
properties are tailor made for many modern automotive 
parts—for everything from weather stripping to oil seals 
and hose. PARACRIL OZO gives you a whole series of impor- 


Kee 


tant advantages, including: 


significantly superior ozone resistance 

excellent fuel and oil resistance 

several times greater abrasion resistance 

permanent retention of bright colors for exte- 

rior styling and easily traceable wiring and 

other interior parts 
Look into PARACRIL OZO. Discover for yourself its new design 
possibilities ...its unlimited color...its high quality. Contact 
your nearest Naugatuck representative at the address 
below. 


Naugatuck Chemical 


Division of United States Rubber Company ries 


ept. A Elm Street 
gatuck, Connecticut 


Rubber Chemicals - Syathetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Ce., Ltd., Elmira, Ontarle - CABLE: Rubexpert, &. Y. 





CHAMBERSBURG 


NOW! 


AUTOMATIC FORGING IN 
WER LTS 


Made possible by the MODEL “C” IMPACTER 


AEE MIL MMI e EDEN NAKU ICM asim AY las 


A “BREAKTHROUGH” IN THE MECHANIZATION OF THE DROP FORGING PROCESS 


1ew bullétin No. 110-L-1 “Chambersburg Cecomatic 
the Jobbing-Type Production of Drop Forgings” 


CHAMBERSBURG ENGINEERING COMPANY +-CHAMBERSBURG, PA. 
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F-M WEAR PLATE “RIDES HERD” 
ON TURBULENT PRESSURE 


THE COMPLETE LINE of products from 
Federal-Mogul Division includes sleeve 
bearings, bushings, spacers, thrust washers, 
as well as wear plates. Through the years, 
F-M has amassed a wealth of knowledge 
and experience . . . from constant research, 
from solving bearing design problems for 
all kinds of products. Our engineers are 
ready to put this know-how to work and 
tailor bearing products to your 
requirements . . . with top per- Fitentl 
Sormance assured. - 


FEDERAL-MOGUL 
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IN CESSNA’S NEW HYDRAULIC PUMP 
LINE, F-M WEAR PLATE DIAPHRAGMS 
KEEP FLUIDS IN LINE to deliver pressures 
up to 2000 psi for aircraft, farm and con- 
struction equipment, many other hydrau- 
lic applications. These wear plate dia- 
phragms maintain positive contact with 
gears to assure high, uniform pressure. 
To provide a bearing surface for this job, 
Federal-Mogul applies a high-density 
bronze to steel by a special sintering 
process. F-M high-density bronze pre- 
vents fluid absorption, and it affords good 
lubricity, needed because some hydraulic 
fluids are poor lubricants. To further pre- 
vent the escape of hydraulic fluid, these 
F-M diaphragms are manufactured for 
a snug, close-tolerance fit in the pump 
housing. 


A DESIGN GUIDE provides valuable engineering data for designers on F-M thrust washers as well as 
wear plates. Also available is literature on sleeve bearings, bushings and spacers. For your copies, write 
Federal-Mogul Division, Federal-Mogul-Bower Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 





braking system 
with a 


high 1.Q. 


The Kelsey-Hayes Three Way Safety 
Brake System has been tested in 
daily use for more than two years 

on school bus fleets. Approved in 
several state school bus 
specifications for 1961, this system 
provides maximum safety where 
needed most. 


The best features of air, hydraulic 
and mechanical braking have been 
combined to provide axle-by-axle 
protection reducing failure hazards 
to a minimum. 


1. If rear hydraulic line or wheel 
cylinder fails—you still have full front 
brakes with their own power assist! 


2. If front hydraulic line or wheel 
cylinder fails—you still have full rear 
brakes with their own power assist! 


3. If air supply should fail—you 
still have direct mechanical actuation 
of full rear brakes! 


Write Kelsey-Hayes Company, 
Detroit 32, Michigan. 


KELSEY 
HAYES 
COMPANY 


World’s largest producer of automotive 
wheels, hubs and drums 


OPERATIONAL PLANTS: Detroit, Jackson 
and Romulus, Michigan; Los Angeles 
California; Philadelphia, Pennsyleania 
Springfield, Ohio; Utica, Vew York; 
Davenport, lowa; Rockford, Illinois 

Windsor and Woodstock, Ontario, Canada 
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METAL 
AT 


it’s a reality at Rohr... an advanced electrical discharge forming tech- 
nique that promises more speed and accuracy at far lower cost than 
other high energy forming methods. Releasing thousands of horse- 
power in millionths of a second through a high energy electrical arc, this 
Rohr unit has built-in safety elements allowing normal factory use. It 


forms steel, aluminum or “exotic” alloy parts of complex configurations " ' 


in one quick operation. This new process, now in production use, and 
other techniques now in development, represent important techno- 
logical advancements in a field where Rohr has excelled for years- 
finding faster, better, cheaper ways to form metals for our customers. 


For information write: Mr. A. R. Campbell, Sales Manager, Dept. 51, Rohr Aircraft Corporation, Chula Vista, California. 


Main Plant and Headquarters: Chula Vista, Calif. / Plant: Riverside, Calif. / Assembly Plants: Winder, Ga.; Auburn, Wash 
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KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


for Strength 


Economy 


Determining the Proper 


In one of the recent articles in this 
series we discussed the carburizing 
of alloy steels, pointing out that the 
purpose of carburizing is to provide 
a hard, abrasion-resistant outer shell 
or ‘“‘case.’’ Such a discussion natu- 
rally gives rise to the question, 
What factors influence the choice of 
case? Should it be shallow? Medi- 
um? Deep or extra-deep? 

While it is not always wise to 
formulate hard-and-fast rules, the 
following may be used as a general 
yardstick: 

Shallow cases (less than 0.02 in.). 
Suitable where wear-resistance alone 
is the chief requirement, and where 
* good surface condition after heat- 
treating is advantageous. Not suit- 
able if high stresses are apt to be 
encountered in service. 

Medium cases (0.02 to 0.04 in.). 
For high wear-resistance. Will stand 
up under substantial service loads 
and stresses. The thickness is suff- 
cient to permit certain finishing 
operations, such as light grinding. 

Medium-to-deep cases (0.04 to 
0.06 in.). For high wear-resistance. 
\ case in this depth range is essen- 
tial where continuing friction is 
involved, especially friction of an 
abrasive or semi-abrasive nature. 
It is also a good precautionary 


measure where application of the 
finished part may sometimes in- 
volve crushing action. 

Extra-deep cases (more than 0.06 
in.). Cases of this depth can be 
obtained by extending the furnace 
time in pack carburizing. Highly 
wear-resistant, extra-deep cases also 
withstand shock and impact. A large 
camshaft of an internal-combustion 
engine is a good example of a part 
requiring the extra-deep case. This 
is especially true of the cam lobes 
themselves. 

If you need advice concerning 
case-hardened parts, let us arrange 
for one of our metallurgists to assist 
you. Bethlehem engineers are al- 
ways on call, and you can depend 
on their recommendations. And you 
can depend on Bethlehem, too, when 
you need alloy steels; for Bethlehem 
makes the full range of AISI stand- 
ard grades, as well as special-analysis 


steels and all carbon grades. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, ‘‘Quick Facts about Alloy 
Steels.”’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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EATON SPRINGS 


An Important Part of Today's Ride 
—and Tomorrow's Ride, Too! 


Eaton Chassis Springs are important factors in the smooth, stable Chassis Leaf Springs 
ride of today’s motor cars and trucks, and in spring life and de- Coll Corings Gtet Comedia Gs Panel 
pendability. We are planning equally important contributions in 
providing an even better ride for the vehicles of the future. Engine Valve Springs 
Together, the Eaton Spring Division and the Spring Perch Surtng Guiet Gtiieninns stlesia thin biti 
Company, a wholly owned Eaton subsidiary, are one of the coun- 
try’s largest spring suppliers. This is important; it makes possible Flexible Control Wires 
our ability to meet delivery commitments, and to provide the many sistary teowan Gielen 
advantages of large volume production and material procurement. 
Equally important is our ability to provide engineering assistance, 
suspension design, and a full scale program of research and devel- 
opment in metallurgy and testing techniques. 
Eaton engineers will welcome an opportunity to discuss your 
spring and suspension problems, and also to work with you in the 
production of prototypes and test samples. Write, wire, or phone. 


SPRING DIVISION 
FATON MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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Whatever the job... 


New G-21 Series 
Valves 


cut costs on 


FWD LINE TRUCK 


POWER STEERING! 


KENWORTH TOWING TRACTOR WHITE FREIGHTLINER 


¢ HEAVY DUTY VEHICLES 
HIGH SPEED TRUCKS 
OFF-HIGHWAY TRUCKS 
TRUCK CRANE CHASSIS 
MATERIALS HANDLING EQUIPMENT 
INDUSTRIAL LOADERS ~* ETC. 


Garrison now offers a new line of low cost, hydraulic 
power steering valves and cylinders! The G-21 Series 
cuts power steering costs because you don’t pay for 
something you don't need ...no waste in over-design, 
excessive materials, unnecessary labor. G-21 Valves 
now complement existing Garrison designs and permit 
proper selection of the most economical valve for any 
job, based upon vehicle usage, engine horsepower, 
axle loading and steering design linkage. Here’s cus- 
tom-designed performance with standard valves at 
important savings to you! 

Garrison, originators of the “divided linkage” system 
of power steering, incorporates patented hydraulic Whatever your AE 
reaction in all valve designs resulting in proportionate steering application... iA 
“feel,” greater stability, excellent recovery and smooth, Get POWER Manufee ie iad 
reliable performance. Furnished as standard equip- ai . ie 
ment on many types of wheeled vehicles by major with GARRISON! 


manufacturers, also available in kits for adaptation to 
existing equipment. 4609 East Sheila Street, Los Angeles 22, California 


WHITE 5000 KW DART TANKER 


4 
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For Sake of Argument 


When the Boss Is Wrong . . . 


“HOW CAN YOU TELL a boss he’s wrong, without getting any 
black marks?” asked an engineer of a recent SAE panel on 
“Personnel Development.” Further, he went on to inquire: 
“How can you tell him, especially if he’s one of those bosses 
whose mind is already made up —and who doesn’t want to 
be confused by the facts?” 


We thought the panel gave some pretty good suggestions. 
They ran something like this: 


If you think the boss has made a wrong decision, you don’t, 
of course, just walk in and tell him he’s wrong. Not if he’s 
the kind of fellow you mention! 


What you do do depends on your knowledge of your boss. 
How does he usually act? More important, how does he usually 
REact? That knowledge should be your guide to how you tell 
him what you have to say. But it need have little effect on 
WHAT you plan to present. 


Before you say anything to him, be sure you have your facts 
clear. Be sure you know exactly what his wrong decision was. 
Be sure the decision got to you in exactly the words in which 
the boss made it. Be sure something wasn’t changed — or left 
out— on its way to you. Then be clear as to exactly what 
you believe to be wrong... and right. 


The surer you are of your “rightness,” the less “pressure” 
you need to put behind your correction. Try to display the 
correct ideas or facts with as little reference as possible to 
the decision or to the wrong facts. Try to arrange your right 
ideas or facts in such a way as to permit the boss to change 
his own mind. 

With your boss — or anybody else — it isn’t a bad idea to 
present your ideas in such a way that he can “recant” without 
candidly admitting that previously he was absolutely wrong. 
Remember, your object is to get a situation righted; not to 
prove somebody wrong. 

An occasional person doesn’t mind admitting readily that 
he was wrong. But in most cases you won’t be wasting time 
when you follow the panel’s advice. 


Youn Ghee 





What's News in Plastics... 


wear 


_ Heater Ducts 


Long term heat aging stability 


Yours with new €scon 125 molding grade polypropylene ! 


Automotive applications are a “natu- 
ral’”’ for new Escon 125 polypropylene. 
This outstanding new grade is de- 
signed especially to maximize perform- 
ance for long periods at high tempera- 
tures. Exceptional performance is 
through a special LTHA 
(Long Term Heat Aging) stabiliza- 
tion system developed by Enjay re- 
search affiliates. 


achieved 


Escon 125 offers oxidative stability 


that, in carefully conducted labora- 
tory tests against other commercially 
available grades of polypropylene de- 
signed for this type of service, out- 
performed all others tested. Specimens 
of Escon 125 withstood almost three 
months of oxidative aging at 300°F; 
specimens exposed to 250°F haveshown 
no signs of failure after seven months. 
Melt index is 5.5 at 230°C. No changes 
are required in equipment, processing 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


30 


conditions or coloring techniques 
from those used with general pur- 
pose molding grades. For test 
samples and typical properties of 
new Escon 125, write to Enjay, 
15 W. 51st St., New York 19, N.Y. 


PLASTICS 
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from SAE meetings, members, and committees 


ELL SYSTEM’S MOTOR VE- 

HICLE FLEET, John Mac- 

Dougall, AT&T’s motor vehi- 
cle engineer told SAE recently, 
consists of about 100,000 passenger 
cars and trucks. Then he added 
some other interesting facts about 
the fleet: 


@ It has 60,000 trucks in the %4- 
ton class. 

@ It has 21,000 passenger cars. 

@ It has about 10,000 34-ton and 
1-ton trucks. 

@ Some 50,000 of its %%-ton 
trucks are equipped with a 
body specially designed for 
utility work. 

@ Investment in the 14-ton fleet 
alone is $130 million; its oper- 
ating expenses run about $67 
million yearly. 

e If fuel economy were 1 mpg 
lower than it is, the annual 
saving would be $1 million. 


UMAN-INITIATED ERRORS 
accounted for approxi- 
mately 7% of the test fail- 

ures encountered with the Titan 
liquid propulsion systems during 
the year 1959. This percentage 
covers only those errors originat- 
ing during test preparations and 
actual hot firings. Not included 
are the errors that were found and 
corrected prior to the hot firing. 


UEL COSTS _§s significantly 
greater than current fuel 
costs might wipe out the in- 

centive for airlines to acquire su- 
personic jet transports instead of 
subsonic. Esso’s W. G. Dukek esti- 
mates that fuel represents about 
50% of gross take-off weight and 
accounts for over 50% of direct 
operating costs in the supersonic 
transport. 
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The higher fuel consumption of 
supersonic jet engines means that 
the SST consumes more fuel to 
move the same traffic over a given 
route than the subsonic jet. So,a 
significantly greater demand for 
jet fuel will exist if some portion 
of the world traffic moves super- 
sonically rather than by conven- 
tional aircraft. 


[ cetenari TO o’s OF AC- 
CELERATION depends on 
what the person is trying to 
do. For instance, getting into a 
parachute harness is impossible at 
3g directed transversely through 
the body but flexion of fingers, 
speech, and writing are possible up 
to 12g transverse. 


ITH ONLY 5.4% OF THE 

WORLD’S LAND AREA, the 

United States has produced 
more than half of the world’s ac- 
cumulated oil production. But 
even here we probably have con- 
sumed no more than half of our 
potential ultimate production. 


OAD SURFACE PROFILES 
R almost certainly consist of 

both periodic and random 
perturbations. Belgian block 
roads, for example, are almost en- 
tirely periodic in nature (at least 
in their earlier years). Asphaltic 
pavements, on the other hand, are 
essentially random in their dis- 
tribution of surface irregularities 
(except for “washboard” surfaces 
at intersections due to braking 
and acceleration forces). 


burn fuel at the rate of 80% 
of the aircraft weight per 
hour while hovering. 


Pr: JET VTOL aircraft would 


space vehicles subjected to 

solar radiation requires that 
solar absorptivity of the surface be 
low, while emissivity should be 
high. Many times a single ma- 
terial will not give the desired 
condition. In this situation a 
possible solution is to use a pattern 
which is made up of two materials; 
one which will give a higher tem- 
perature than desired and the 
other a lower temperature. By 
proper proportioning of these ma- 
terials in the pattern the desired 
temperature is attained. 


"| space velcie CONTROL of 


5732 EMPLOYEES at McDonnell 
Aircraft were enrolled in training 
courses last year. There were 72 
different courses offered in engi- 
neering, manufacturing, electron- 
ics, and supervision. Class time 
totaled 135,578 manhours. 80% 
of the employees complete the 
courses. 





Cautious air industry 
braces 


supersonic 
transport 
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PINION about the supersonic transport seems 

to be: “If we don’t build it someone else will 
... and besides, wouldn’t it be nice to have?” This 
does not sound like whole-hearted enthusiasm, but 
the SST seems slated to evolve in this atmosphere. 

Actually, a different attitude would be hard to 
understand. The air transport industry, as com- 
petitive an enterprise as can be imagined, is still 
busy adjusting itself to the jet transition. To con- 
template introduction of supersonic vehicles in the 
next decade is readily appreciated to be disquieting. 
But, in this day of rampant technology, the com- 
pulsion to conquer new challenges can hardly be 
resisted. So it is with a wary eye that the air in- 
dustry seems to be taking its first really serious view 
of the SST. 

The project will probably start picking up steam 
after the newly promised government support of 
some $12 million is confirmed. This money is to 
go for engine and airframe research which, it is 
hoped, will provide some of the answers required to 
gain solid support for the program. 

The air industry will gage the progress of this 
program in terms of the SST’s economics. If it 
appears that the SST can not earn its keep, industry 
support will almost certainly flag. Only the govern- 
ment seems willing to back the SST program from 
the prestige standpoint, and also for its military 
value. In the last analysis, though, the people who 
are going to operate the SST will be the ones to 
decide its destiny. The kind of vehicle they want is 
one that can operate safely and economically with- 
out an undue fare increase. To achieve this the 
SST must gain public acceptance by providing the 
same comfort as is presently available, and not 
create a public annoyance or hazard. 


STEMMING from the great 
concern for economical op- 
eration, a major problem 
arises in the form of super- 
sonic boom — the explosive- 
" type pressure rise caused by 
Barrier the airplane’s shock wave. 

Unless boom can be reduced 
to an acceptable level it is quite possible that public 
clamor might restrict supersonic travel to over- 
water routes. Another possible outcome, which 
would also cut into profits, might be to limit opera- 
tion to daylight hours only. Not too much data has 
been collected concerning supersonic boom but 


The 
Boom 


Top engineers from every branch of the 
aeronautic industry recently exchanged ideas 
through SAE about supersonic transport possi- 
bilities. They made clear their thoughts on the 
feasibility of a superonic transport . . . and on 
the possible ways in which it might be built 

This article was drawn from the pool of 
information and speculation which resulted 
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Involved in the discussion from which the 
article is drawn were: J. G. Borger, L. H. Allen, 
Jr., N. D. Folling, W. W. Moss, and W. F. Hibbs 
of Pan American World Airways, Inc.; J. A. 
Gannett of Boeing Airplane Co.; P. H. Patten of 
Douglas Aircraft Co.; P. R. Shipps and James 
Frick of Convair; W. F. Brown, Jr., G. B. Espey, 
M. H. Jones, and M. R. Nichols of NASA: and 
W. H. Sens and T. G. Slaiby of Pratt G Whitney 
Aircraft. 
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what little is available indicates that altitude has a 
favorable effect. Presently, tests are underway to 
obtain more definitive high altitude data. 

The cure for boom will greatly influence the 
salient features of the SST, such as speed and gen- 
eral configuration. For example, the atmospheric 
attenuation that is thought might be gained with al- 
titude could decide in favor of a Mach 3 cruise speed, 
instead of Mach 2. Reason: a Mach 3 airplane 
would cruise some 10,000 ft higher than the Mach 2 
version. This margin could spell the difference 
in achieving an acceptable boom level. An over- 
pressure of 1.5 psf has been tentatively established 
to be acceptable, since 2 psf can cause window 
damage and 1 psf only sounds like distant thunder. 
A Mach 3 airplane flying at 67,000-76,000 ft should 
be able to attain the limiting value while the lower 
flying Mach 2 plane might not. Of course there 
are other reasons for wanting a Mach 3 airplane. 
Not only would it tend to freeze out competition 
but it would more fully exploit the work that will 
be put into the development. 

Another feature which the boom problem may 
help spawn is the variable sweep wing. The factors 
in operation here arise in the altit:.\de acceleration 
phase of flight, which is even more serious with 
respect to boom. To avoid exceeding the 1.5 psf 
limit the airplane would have to fly at approximately 
42,000 ft at Mach 1.2 and climb to 50,000 ft at Mach 


Basic requirements for the vehicle have stirred up a sea 


of conjecture: What will it look like? How will it operate? 


Visualized possibilities are: 
® Movable wings 


® Canard configuration 
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* Turboramjet engines using special Mach 3 fuel 


* Stability augmentation 
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1.4. This requirement calls for a higher wing aspect 
ratio to give the plane a better altitude capability. 
Fig. 1 shows this to be the case, since, within the 
altitude range of 36,000—50,000 ft the flight altitude 
is approximately a function of the Mach number, 
thrust-weight ratio, and lift-drag ratio. This data, 
taken for the case M=1.1 covers three configura- 
tions: a low aspect ratio canard-delta machine, a 
moderate aspect ratio swept wing machine, and a 
variable-geometry wing machine with the wing 
fixed at an intermediate angle to give an effective 
aspect ratio of 4.8. The altitude spread of about 
11,000 ft, shown to exist between the vehicles having 
the lowest and highest aspect ratios, could make 
the difference in the quest for boom reduction. 

Boom will also demand that subsonic climb follow- 
ing take-off be extended to appreciably higher 
altitudes than the cruise altitude of the subsonic 
jet. On letdown, deceleration through sonic speed 
can be made in the vicinity of 60,000 ft, again to 
avoid boom. 

Another economics-determined feature of the 
SST is range. Presently, it appears that 3500 mi is 
the minimum acceptable range, with the stipulation 
that growth potential to 4500-5000 mi is present. 

Two new problems arise with the SST due to its 
high cruise kinetic energy. One is that of finding 
ways of restarting the engine in flight without the 
need of slowing down to do it, and then reaccelerat- 
ing. If this could be done it would greatly reduce 
fuel usage in such an emergency. The other prob- 
lem is that of maintaining airplane integrity and 
passenger comfort for an unusually extended period 
of time (up to 10 min) while the airplane is being 


Fig. | — Configuration ef- 
fects on acceleration alti- 
tude. This information shows 
why the variable-geometry 
wing configuration is advan- 
tageous from the standpoint 
of curing supersonic boom. 
The greater altitude capabil- 
ity means better boom at- 


tenuation 


slowed to low speeds following an emergency or an 
unexpected encounter with a large turbulent air 
mass. 


ONE DEMAND that will 
most certainly be made is 
that the SST fit present air- 
ports. Rapidly rising real 
estate costs leave little al- 
ternative in this area. 
Performance Moreover, there is much to 

be gained from reduced run- 
way speeds, in the way of reduced operating costs 
and problems, and safety promotion. Excessive 
speeds could lead to operating difficulty, for exam- 
ple, if the vibratory loads in the cockpit and struc- 
ture, caused by runway roughness, limit the pilot’s 
ability to control the craft. In addition, slush may 
cause aborted take-offs due to the high drag force 
present at high runway speeds. 

Landing and braking considerations also provide 
strong incentive for low runway speeds since thrust- 
reverser performance requirements would be re- 
duced. This is important because the reverser 
design can lead to large weight penalties and to effi- 
ciency losses of the necessarily sophisticated engine 
nozzles. Chances of eliminating the thrust reversers 
altogether are slim since they will probably be de- 
manded by the airlines to assist the brakes, for such 
emergencies as brake failure or aborted take-offs. 

The cure for excessive runway speeds can be ob- 
tained by attacking the cause; inadequate wing lift 
capability at low speed. This deficiency arises from 
the reduced wing span generally found in supersonic 
wings. Increasing the span allows lower runway 
speeds to be achieved. Since a larger span also en- 
hances the plane’s altitude capability it will most 
likely be incorporated in the final configuration. It 
could be obtained either by increasing the aspect 
ratio of the basic high-speed wing, or by use of a 
variable-wing geometry which would permit in- 
creasing the span during low-speed flight. Both ap- 
proaches involve weight penalties. In addition, the 
fixed wing suffers from increased high-speed drag, 
while the variable-geometry wing introduces me- 
chanical complexity. Fortunately, recent aerody- 
namic advances make the variable-geometry wing 


Take-Off and 
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feasible, as they indicate how balance and stability 
could be maintained during wing rotation without 
the need of translating the wing fore and aft. 
Another advantage of the variable-sweep wing is 
that it reduces the amount of take-off thrust re- 
quired. This can be important in reducing jet noise. 


ONE OF THE MOST press- 
ing requirements for the 
SST engine is that it havea 

h very high degree of thrust 

r rust augmentation, to permit ac- 

celeration through the tran- 
a Must sonic range at altitudes high 

enough to avoid intense 
sonic booms on the ground. The engine must also be 
light and have an acceptable cruise specific fuel 
consumption. To minimize fuel reserve require- 
ments the engine should have a high efficiency in 
off-design operation, such as hold and subsonic 
cruise. Other requirements call for conservative 
temperatures and stress levels, for the sake of reli- 
ability and engine life, and low jet velocities to 
maintain tolerable noise levels. Some engines po- 
tentially capable of doing the job are shown in Fig. 
2. 

The low-bypass-ratio turbofan has the advantage 
of low take-off noise and higher efficiency than the 
turbojet in holding and subsonic cruise. A duct 
burner or mixed flow afterburner could be used for 
thrust augmentation, or just to provide adequate 
cruise thrust. This engine seems to be best up to 
Mach 2.5. 

The turbofanjet combines a high bypass ratio fan 
with a ramjet burner and nozzle. It is of special in- 
terest for Mach 3 cruise or above since it appears to 
offer reduced engine weight and cost, and also lower 
cruise and subsonic fuel consumptions. It could 
therefore prove invaluable in midrange emergencies 
as its reduced range penalty might allow completion 
of the original mission at lower altitudes by utilizing 
the reserve fuel. This is desirable for situations 
where no alternate airfield is available, as in some 
parts of the Pacific Ocean. 

The main disadvantages are higher fuel consump- 
tion in supersonic climb and acceleration, and some- 
what lower thrust available for take-off. This last 
factor would also indicate the use of variable-geom- 
etry wings to attain higher levels of take-off lift co- 
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Fig. 2—Some engine con- 
figurations for the SST. The 
major requirement is for a 
large degree of thrust aug- 
mentation. Other things to 
be considered are engine cost, 
operational costs, mainte- 
nance, and type of fuel re- 
quired. 


efficient and lift-drag ratio. 

The use of turbojets offers the possibility that fu- 
ture low-pressure-ratio models may attain thrust- 
to-weight ratios of 8 or more (about twice present 
values). The major problems with this configura- 
tion appear to be those of attaining efficient opera- 
tion in subsonic cruise and hold and of attaining a 
combination of low specific fuel consumption and 
acceptable turbine-inlet temperatures in cruise. 
The specific fuel consumptions in the first two op- 
erating conditions are very high due to airframe- 
engine mismatch. Regardless of whether or not 
these problems can be solved, the successful appli- 
cation of this engine is dependent on the attainment 
of advanced airframe take-off aerodynamics in con- 
junction with the attainment of high thrust-weight 
ratios. 

The turboramjet offers increased engine life and 
cruise Mach number capability. At low flight speeds 
it can operate as a turbojet, augmented or unaug- 
mented, and as a ramjet at high flight speeds. In 
the ramjet configuration the turbojet portion could 
be shutdown to save wear and tear on the engine. It 
is likely that this powerplant will be optimum for 
Mach 3 or above, but extensive analysis is still 
needed to pin down the exact details. 

The picture would not be complete without the all 
important matter of cost. Engine price will strongly 
depend on the design Mach number; increasing with 
speed. This is due to the use of expensive high tem- 
perature materials and the more complicated design 
required by higher Mach numbers. Engine mainte- 
nance costs are also very important because they in- 
fluence operating costs significantly. Here too, the 
choice of design Mach number plays a great role as 
it affects the choice of turbine temperature. If tur- 
bine temperatures beyond the state of the art be- 
come necessary the effect on maintenance costs can 
be large. 

Fuel costs are also influential; affecting the choice 
of design Mach number, and hence, engine selection. 
It seems probable that Mach 3 fuel will be apprecia- 
bly more expensive as a result of additional require- 
ments for high temperature stability. It is also pos- 
sible that the effects of high temperature might be 
so detrimental that after a flight the remaining fuel 
would be useless and have to be removed. Use of 
fuel as a heat sink is therefore not recommended. 

SST engines will probably have a series of ratings 
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to indicate performance capabilities in the different 
phases of operation. For example, there would be 
data concerning take-off (including noise levels), 
subsonic, transonic, and supersonic operation. 


The 


THE SUPERSONIC MA- 
CHINE will tend to be much 
larger than the _ subsonic 
machine designed for the 
same payload because of the 
larger percentage of gross 


Weight 
Squeeze weight devoted to fuel and 
engines, resulting in more 


acute structural problems. Unless design values of 
engine weight, structural weight, and fuel consump- 
tion are attained, economic success will be impaired. 
A small slippage in any one of these areas will re- 
quire large increases in airplane gross weight to 
maintain a given payload. 

In the realm of fuel consumption an important 
area for improvement is the climb and acceleration 
phase of flight. Almost one-third of the total fuel 
is used in this period with only about 10% of the 
trip distance gained (assuming a 3500 nautical mile 
mission). In the cruise portion of the flight about 
one-half of the fuel is utilized. Therefore, if any de- 
sign changes are made to improve off-design opera- 
tion, they cannot be allowed to penalize the cruise 
specific fuel consumption. The fuel consumed dur- 
ing letdown is comparatively small, but the reserve 
and loiter fuel add up to a total approaching the air- 
plane’s payload. This tanker function of the air- 
plane is quite costly inasmuch as each pound of fuel 
carried displaces a pound of payload or increases 
take-off gross weight by 2-4 lb. Minimization of 
fuel reserve requirements by improved traffic con- 
trol and operating techniques is therefore most es- 
sential 


THERE will be great pres- 
sure on the <esigner to pack 
the passengers as densely as 
possible. This situation 
arises from two factors: (1) 
Wave drag is a large factor 
Squeeze affecting cruise perform- 
ance and is minimized prin- 

cipally by making the airplane very slender. (2) 
The thinner lifting surfaces will probably require 
that some fuel be stored in the fuselage. Some de- 
gree of crowding may be permissible in view of the 
short duration of the average trip, but there is a 
limit beyond which the designer will not dare to go. 
Some theories have been advanced concerning 
how to achieve acceptable increases in passenger 
density. Some feel that new creative design efforts 
may show how to attain high densities without 
physical discomfort and a feeling of confinement. 
Diversionary tactics such as TV or other entertain- 
ment, refreshments and minor luxuries, might sub- 


The 


Passenger 
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stitute for a lot of volume at a fraction of the cost. 
In the last analysis customer acceptance would have 
to be proved. 

Whatever interior arrangement is finally selected, 
it should be flexible. Also, it is felt, cabin windows 
will be a requirement. Passengers are not expected 
to be willing to be sealed into a tube. Other prob- 
lems that are anticipated in connection with pas- 
senger comfort include: boundary layer noise at the 
rear of the airplane and cabin cooling. 

As for the overall layout of the airplane, it should 
be such that the c.g. limits be wide enough to allow 
rapid on-loading of last minute cargo. Another 
time saving feature would be to have self-contained 
power for terminal operation. 


TO BE ECONOMICALLY 
FEASIBLE the SST must 
have a total life of 30,000- 
U ° h 40,000 hr. This criteria may 
pin the be the most difficult to sat- 
‘ isfy since metal tempera- 
Air tures are expected to reach 

500-550 F, where presently 
available aluminum alloys cannot be used. Consid- 
eration must be given to high strength steel and ti- 
tanium alloys for which little data is available in the 
temperature range of interest. It is still too early to 
pinpoint the problem areas since structural configu- 
rations are still fluid, but much study can be done in 
evaluating unfamiliar high-strength alloys so the 
data will be available when needed. If it turns out 
that a substantial portion of the structure will have 
to be made of high strength alloys, it would be an- 
other factor in favor of having a design speed of 
Mach 3. In this way the full growth potential of the 
material might be exploited. 

A specific problem which will most likely arise is 
flutter, which wiil call for structural designs based 
on stiffness rather than steady loads. The high 
subsonic range is critical with regard to wing flutter, 
while large flutter margins exist at low subsonic 
speeds and in the supersonic region. It may be pos- 
sible to save appreciable wing weight by modifying 
the flight plan to avoid high dynamic pressures at 
flutter speeds. If variable-sweep wings are used 
some benefit might be gained by increasing the wing 
sweep angle as the high subsonic speed range is 
penetrated. Panel flutter will also be a problem in 
the high subsonic and Mach 3 cruise regions. 

Many old problems will become magnified in the 
SST. One possible example is the landing gear. 
The SST will make much more use of this component 
since, after all, the plane must make many more 
trips than current aircraft if it is to succeed. 

The handling characteristics of the SST will be 
just as important as its performance, since a human 
pilot will probably still be used. To help him cope 
with the machine, stability augmentation on all 
three axes is visualized as a practical way of attain- 
ing good handling characteristics without unduly 
sacrificing performance capabilities. This would 
demand high reliability of the augmentation system 
and, in the event of failure, that the craft still be 
flyable. It is also desirable that the airplane exhibit 
no idiosyncrasies and should allow the pilot to adapt 
himself readily to it. 
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Fig. 1 — Current Falcon compared to paper study reflects change in original objectives caused by increasing capacity from 5 to 


6 passengers and modifications in styling. 


now Falcon weight was controlled 


Techniques used to establish and maintain 


target weights in original development of the design 


Recad on Os 


: 


D. Collins and H. L. Browne 


0 0 
AVING decided that the Falcon should weigh 
about 2200 lb, be powered with a 6-cyl engine of 
approximately 140 cu in. displacement, and give a 
fuel economy of 25 mpg, the engineers used weight 
control techniques to insure obtaining objectives. 
By this means, management and engineers were 
shown where product and money could be added or 
subtracted as characteristics were defined, the per- 
formance of the individual engineer could be meas- 
ured, and a closer liaison established between ad- 
vanced and product engineering. 
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Role of the weight analyst 


The weight analyst began his investigation while 
the design study was proceeding. He selected a typi- 
cal 2200-lb production vehicle, seating five passen- 
gers (in this instance the Taunus) and weighed all 
the parts. He then grouped the various components 
into categories defined by the Uniform Parts Classi- 
fication. 

Each engineer responsible for a UPC portion of the 
vehicle reported his weight estimate to the vehicle 
analyst with a description of the parts, often with 
minor layouts or similar parts removed from pro- 
duction vehicles to verify his weight estimate. The 
descriptions contained sufficient information for the 
development of costs. The weight analyst then 
totaled these weights to arrive at a total vehicle 
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Falcon weight 
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weight for a paper study program. 

The tabulated weights of the paper study Falcon 
showed a total weight of 2244.3 lb, as compared to 
the Taunus check vehicle weight of 2222.4 lb. 

At this point the paper program was presented to 
management and the weights became established as 
target weights. The weights were a commitment, 
not an opinion. The program responsibility also 
changed from the advanced engineering activity to 
the production engineering area. 


Reasons for weight change 


Changes from hereon were mainly due to styling 
and the results of market research. Market analysis 
showed the advisability of seating six passengers 
rather than the five specified in the original objec- 
tives. This necessitated increasing car width and 
moving the rear tires more to the rear (Fig. 1). 
Styling advocated an increase in front and rear 
overhang, and larger bumpers. 

It is important to mention that target weight was 
changed only to reflect a management decision, 
never to reflect the inability to meet an objective. 

The weight analyst had to Keep track of compo- 
nents, or portions of components, moving from one 
UPC category to another when he accounted accu- 
rately for total vehicle weight. Such shifts were 
usually the result of changes in processing and man- 
ufacture. For example, the original UPC description 
called for the front suspension spring tower to be 
welded into the body and it was, therefore, placed in 
UPC No. 1 (body). Later, the spring tower was 
changed to an add-on piece and the weight was re- 
moved from the body UPC and placed in the front 
suspension UPC. A similar adjustment was required 
for the rear shock absorber bracket, weight being 
removed from the body and placed in rear suspen- 
sion. Total weight, however, remained unchanged. 
The results of these changes were listed as “paper 
study target weights modified by processing 
changes.” 


Controlling body weight 


Car engineering launched the body weight control 
program by furnishing a set of specifications de- 
scribing the size, luxury level, weight, and cost ob- 
jectives. Body engineering was then asked to agree 
that the objectives were reasonable. 

The weight analyst first prepared a breakdown 
based on usual Ford design practice, using competi- 
tive car part-by-part weight breakdown for unique 
design areas. The weight total did not meet the 
objective. Next, the weight analyst, stress analyst, 
and design engineers examined in detail parts of the 
breakdown secured from competitive cars and 
found several parts could be removed from the un- 
derbody. This brought weight closer to the objec- 
tive. 

Many proposals were submitted to engineers and 
management. The weight analyst prepared reports 
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of the weight effect of each change. When the pro- 
posals were accepted, they were included in his part- 
by-part breakdown. 

Concurrently with exploration of the objectives, 
an extensive design review was made that included 
many competitive cars. Modifications were made 
and stress analysts made theoretical calculations, 
which resulted in weight-saving structural designs. 

This part of the program helped to set up many 
design specifications that would not be reflected in 
the official design objectives. For example, stress 
analysts found the design calling for a heavy-gage 
body pillar and a reinforcement of the entire front 
face of the door. They suggested a light-gage pillar 
and small but heavy-gage hinge reinforcements in 
door and pillar. Tests indicated that the rear seat 
riser gave little or no structural benefit and that 
roof rails could be made of thinner than normal ma- 
terial. 


Clay model stage 


Weight analysts found the weight implications of 
advanced clay models by several means. They 
measured the model and calculated weights of ex- 
posed parts directly. They used their knowledge of 
construction to project the effects of the exposed 
parts on interior parts. They used perspective 
sketches for reference to define the model analyzed 
and to help to explain weight deviation. 

Fig. 2 shows a typical weight deviation. In this 
instance, the 44-lb increase was due mainly to bigger 
bumpers, larger greenhouse, and less rounding of 
quarter panels than anticipated in the objective. 
Weight implications of clay models are at times 
more difficult to find. A peculiar shape of bumper 
may require added hangers, or a thin center pillar 
may require heavier gage material and added hinge 
brackets. 

Fig. 3 shows a comparison between two window 
regulators. Both move the same amount of glass. 
The heavier had to be used because the styling clay 
model had a thin center pillar requiring that the 
glass be moved in a particular manner. These hid- 
den weight implications must be recognized, re- 
ported, and explained when estimating the weight 
effect of clay models. 


Source of weight increase 


In addition to body changes there were, of course, 
several changes made during the vehicle develop- 


ment. For example, functioning evaluation of the 
vehicle proved that the front stabilizer bar could 
not be omitted, and that a pivoted front spring seat 
was needed. These involved weights not included in 
the original target. The overall increase in vehicle 
size and weight also dictated an increase in front 
springs. Principal weight increases were due here 
to styling of the body. An increase in length added 
3-5 lb per in., width about 10 lb per in., and height 
8 lb per in. 

At this point the weight analyst must exercise 
judgment. If weight increase or decrease is a result 
of management decision, he changes the target, but 
if it is the result of engineering, he does not. In 
this case he decides all changes other than the sta- 
bilizer bar and pivoted seat can be attributed to 
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Fig. 2— Body weight breakdown 
reveals deviations. The weight in- 
crease is due mainly to larger bump- 
ers, larger greenhouse, and less 
rounding of quarter panels. 
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management, and the target weights are modified to 
incorporate the changes. The new target weights 
are called “up-dated target weights to new package.” 
These reflect a vehicle comparable to a 1960 produc- 
tion vehicle, and weight analysis can be made to 
determine if the objectives have been met. The 
variation between the production and objective 
weights are discrepancies. 


Final weight outcome 


The up-dated target weights totalled 2373.8 lb. 
The paper study target weight, modified by process- 
ing change, totalled 22443 lb. The discrepancy, 
threfore, was 129.5 lb. The 1960 Falcon weight was 
2387.2 lb, or 13.4 lb heavier than the up-dated pack- 
age target. This would indicate that target weights 
can be established and controlled by the technique 
of vehicle weight control. 


To Order Papers Nos. $298 and $300 .. . 


from which material for this article was drawn, see p. 6. 
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7 PIECE REGULATOR - 2 1/2 LBS 





10 PIECE REGULATOR-4 34 LBS 


Fig. 3 — Construction required by styling necessitated use 
of heavier model regulator. Such weight increases must be 
recognized, reported, and fully explained when estimating 
the weight effect of clay models. 





Better bores seen 


for aluminum cylinders 


Alternatives to the long-used pressed-in or cast-in liners: 


* Bonding by the Al-Fin or BMI process. 


To eliminate liners altogether, the following can be used: 


* Chrome plate 


* Sprabond 


ECENT plating, bonding, and coating techniques 

for finishing aluminum engine cylinder bores 
offer to solve the problem of creating satisfactory 
wear conditions in the bore. The long-established 
method of doing the job is to use gray iron liners, 
cast-in or pressed-in ... held only by mechanical 
means. This combination of iron and aluminum is 
not entirely satisfactory because: 


@ There is a loss of heat conductivity 
through the iron. (Conductivity of iron 
is about 50% that of aluminum.) 

@ The different coefficients of expansion of 
the two materials can cause separation of 
the liner from the aluminum. 

@ Heat conductivity can be lost through the 
barrier between the liner and the alumi- 
num. 


The harmful effects of poor heat conduction are 
evident in Fig. 1, where varnish and frozen rings are 
found on one of the pistons shown. A case where 
separation occurred is shown in Fig. 2. The over- 
heating which resulted from this situation caused 
seizure of piston and piston ring. 

Besides these drawbacks associated with the use 
of liners there is the additional weight of iron to be 
contended with. This has considerable importance 
in the large field of engines for portable tools and 
the like. 

The newer bore finishing techniques represent 
different approaches to the problem of protecting 
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* Ferrous transplant coat 


* Uncoated bore of suitable aluminum alloy 


the cylinders. One of these new techniques is a 
method of forming a better bond between the liner 
and aluminum. Other new approaches do away 
with the liner altogether, replacing it with a coating 
of one sort or another. 


Al-Fin Bond 


The Al-Fin metallurgical bond eliminates the heat 
conductivity loss across the iron-aluminum inter- 
face. Separation of the two metals is prevented, de- 
spite the different expansion coefficients, when the 
basic strength of the intermetallic bond is coupled 
with careful overall design. The bond itself is 
claimed to have strengths of 15,000 psi in tension 
and 7,000 psi in shear .. . plus the ability to retain its 
strength at elevated temperatures. 

In the Al-Fin process the article to be bonded is 
immersed into a bath of molten aluminum to form 
the alloy bond. This superficial aluminum coating 
readily combines with additional molten aluminum 
or other light metal, when it’s at or close to the melt- 
ing point. 

Any of the common casting alloys of aluminum or 
magnesium, and the pure metals themselves, can be 
successfully bonded to gray, malleable, ductile, and 
austenitic cast irons, and carbon, alloy and stainless 
steels. The bond can also be made with many other 
metals, such as inconel, nickel, and titanium. Care 
should be taken, however, in specifying the particu- 
lar light metal casting alloy to be used. Use should 
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Fig. 2— Separation of alumi- 
num and liner. This condi- 
tion leads to poor heat con- 
Juction and must be avoided. 
Better bonding techniques 
offer one solution to this 
problem. Another approach 
is to eliminate the liner and 
replace it with a coating 


be made of the alloys that can be employed in the 
as-cast condition as it is generally not possible to use 
a solution type (T-6) heat treatment. The prohibit- 
ing factor is the thermal stress shock to the bond 
that might result during the quenching treatment. 
Alloys that show an increase in hardness and other 
physical properties by the artificial aging treatment 
are particularly useful. 

As for the ferrous member, no special surface con- 
dition is required. If machined, a standard lath 
machined surface of 100—200 microin. is satisfactory. 
Notches or projections are not normally necessary 
except when the bonded areas are very large. In 
such cases they may be needed to reduce the shear 
stress in the bond. 

Since high hardness and strength are required in 
the engine cylinder barrel, care must be taken to 
leave the physical properties unimpaired there. As 
the bonding and casting temperatures are high 
enough to partially draw low carbon steels, the more 
metallurgically stable steels should be used. Liner 
materials of chrome-moly steels (SAE 4140 or equiv- 
alent) will give a hardness of 28-36 Rockwell C in 
the bonded cylinder assembly. Nitrided steel liners 
may be bonded after nitriding without losing their 
hardness, making possible a range of 60-70 Rockwell 
C. The long-used cast iron, bonds well and processes 
easily either by sand, permanent or die cast molding 
operations. 

The major factor to be considered in designing 
cylinders using Al-Fin construction is the difference 
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Fig. | — Harmful effects of 
poor heat conduction. The 
piston on the left, which was 
taken from a cylinder having 
an iron liner, is compared to 
one from a chrome plated 
cylinder. The former piston 
exhibits varnish and frozen 
rings due to poor heat con- 
duction. In contrast to this, 
are the free rings and clean- 
liness of the other piston. 


in expansion coefficients between the light metal al- 
loys and the various ferrous metals. The bonded 
unit should be designed so that sufficient elastic de- 
formation exists at operating temperatures. This 
limits the thermal stresses in the bond, caused by 
differences in thermal expansion coefficients in the 
component members. One way of doing this is to 


This article . . . 
. is based on the following papers: 


@ Metalurgical Bonding in Cylinder Construc- 
tion — (Paper No. 369A) 
by M. G. WHITFIELD, Al-Fin Corp. 


@ The Development of Tibon Hard Chrome 
Plated Aluminum Cylinder Bores — (Paper 
No. 369B) 

by L. W. RAYMOND and A. K. WOOD, 
Superior Plating Co. 
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@ Transplant Coated Aluminum Cylinder Bores 
— (Paper No. 369C) 

by A. F. BAUER, Doehler-Jarvis Division, 
National Lead Co 
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@ A Profile of Aluminum Alloy Cylinder Bores 
— (Paper No. 369D) 
by N. W. SMITH, Aluminum Co. of 
America 


To order any of these papers, see page 6 





Better bores seen 
for aluminum cylinders 


. continued 


reduce the relative thickness of the Steel member so 
it will act as an elastic part. Another method is to 
use high purity aluminum (99.5%) which will yield 
and follow the steel cylinder liner. 

Proper foundry technique and mold design must 
be employed so that the hot ferrous member can be 
located and the mold closed with a minimum of de- 
lay. Otherwise, there must be provisions to reacti- 
vate a bonded coating made at an earlier stage. 

Some new ways to make the liners have been sug- 
gested. Where large quantities are involved, an au- 
tomation continuous setup can produce dimen- 
sionally accurate thin liners by using an extruded 
polystyrene type of core followed by a shell invest- 
ment. 

Although the Al-Fin process gives an ideal metal- 
lurgical bond, it is not too well suited for the fast- 
cycling die casting process. A different bond, called 
the Bimetallic Interlock (BMI) bond, does have at- 
tractive possibilities when die casting is used. Here, 
the die cast aluminum is forced under pressure into 
the fine undercut crevices of the rough surface of a 
centrifugally cast sleeve. The resulting mechanical 
interlock of the two metals is very strong. BMI 
bonded sleeves have shear strengths up to 18,000 psi 
and have, therefore, found wide acceptance. Mil- 
lions of this type bond are already used in such ap- 
plications as passenger car engines and outboard 
motors. 


Coating the Bore 


Several types of protective coating are available 
now which can altogether eliminate the need for a 


heavy liner. One, called the Sprabond method, uses 
a thin molybdenum layer to create a bond between 
the aluminum and a sprayed ferrous deposit. After 
the coat has been deposited it is relatively rough and 
requires smoothing. 

A new and different coating process, applicable 
only when the die cast process is used, is the trans- 
plant coat method. The name comes from the fact 
that the coat is first created on the core of the die 
casting and then transplanted to the die casting it- 
self. By depositing the ferrous coat first on the core 
of the die the smooth side of the transplant coat is 
in the bore. The rough surface of the coat is ad- 
vantageously used to create the bond with the in- 
jected metal. The bond is created when the alumi- 
num shrinks onto the rough outside of the sprayed 
coat, penetrating the pores of the coat to form a 
‘natural mechanical interlock. The coat stays with 
the die casting due to the action of differential ex- 
pansion, thus creating a smooth and accurate taper- 
free bore. The accuracy that can be achieved is ex- 
emplified by the finish which has been obtained in 
a mass-produced cylinder barrel having a 3.25 in. 
diameter. The tolerance in this case was 0.003 in. 
with a surface smoothness of only 15 rms. 

A close-up of the spraying action is shown in Fig. 
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3. The spray gun is an automatic unit, capable of 
building up a 0.02 in. thick coat in 20 passes. It can 
be controlled electronically to give a heavier coat on 
any area of the core. Masking can be used to keep 
from coating particular areas. 

Even the smallest cylinder bores can be coated 
since the spraying is done on an external, not an 
internal, surface. Since the transplant coated bore 
has no taper, a honing operation will usually suffice 
to yield the desired finish accuracy. Further, the 
coat can be produced in any thickness, to any degree 
of porosity, with any material which lends itself to 
a spray deposit. 

Good physical properties have been demonstrated 
for the transplant coat. Shear strength values for 
the bond are found to be around 21,180 psi, and 
tensile strengths are in excess of 4200 psi. Actually, 
the tensile tests caused failure in the coat itself 
rather than the bond, indicating the tensile strength 
of the sprayed deposit to be the limiting factor. 
Similar tensile tests on BMI bonded test specimens 
and Al-Fin bonded specimens yielded averages of 
6290 psi and 1824 psi respectively. 

The hardness of the transplant coat depends on 
the properties of the sprayed steel and on the 
amount of oxides introduced in the spraying op- 
eration. It can be varied over a wide range from 
300 to 500 Bhn. 

Dynamometer tests on several small cylinders 
for portable air-cooled engines showed the coat to 
stand up well. After 975 hr only 0.002 in. wear was 
noticed in one case where the engine was run at full 
throttle and at high temperatures. No scuffing 
could be noticed after the tests. 


Plating the Bore 


Chrome plating is another technique that has 
been used to enhance the wear properties of cylinder 
bores. The plating is molecularly attached to the 
aluminum, firmly. Its thickness is measured in 
thousandths of an inch, and it offers good heat 
conduction. 

Since aluminum is not an easy material to elec- 
troplate, special surface treatment is required. 
The surface may be physically or chemically rough- 
ened, or an intermediate layer of pure zinc only 
millionths of an inch thick can be deposited, (‘“‘zinc- 
ate” system). 

Before zincate may be applied, it is necessary 
that all traces of materials other than aluminum be 
removed. Silicon, which is generally present to 
improve the fluidity of the molten aluminum for 
better casting qualities, is easy to remove. So is 
magnesium, which is useful in increasing the 
strength of the alloy when it is heat treated. Copper, 
however, which is used as a hardening agent, pre- 
sents difficulties in this respect. To avoid this 
problem, proper alloy choice and heat treatment 
must be exercized. Successful plating has been 
achieved with the following alloys and heat treat- 
ments: 

380-T 51 
356-T 71 
355-T 71 


Other points to consider when plating with chrome 
are: porosity of the casting, surface finish, effects 
of excessive die lubricant when die casting is used, 
and cleaning of the casting before plating. 
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Porosity can develop from a variety of reasons 
depending on the casting methods used. It is ob- 
jectionable because the surface holes tend to cause 
plating “blisters.” Also, chrome plate tends to 
build up nodular formations around the ragged 
edges of the holes. 

As for surface finish, satisfactory results have 
been obtained with 50 microin. as an upper limit. 
Above this value the end results are not predictable, 
particularly the reaction of the piston to the cyl- 
inder walls. An excessively rough chrome plate can 
cause severe scuffing and scratching of the piston. 

Excessive die lubricant can cause semi-hard de- 
posits which are dislodged only at the start of the 
pre-plating cycle, when the parts are immersed in 
hot caustic cleaner. Although the deposits are 
softened to the extent that they run over the areas 
to be plated, they are not soft enough to be com- 
pletely removed. This problem is solved by con- 
trolled-mist oiling of the casting die. 

Since aluminum is readily attacked by caustic 
materials the casting should be thoroughly cleaned 
of soda-type soluble oil machining compounds. If 
such compounds are not removed, metallic soaps 
form which are not compatible with plating solu- 
tions. 

One drawback shared by spraying and coating 
techniques is the difficulty of apply heavy adherent 
coatings. This rules out reboring for piston replace- 
ment. For a single cylinder engine this is not so 
important since labor charges tend to place the 
cost of rebore in excess of a new cylinder and piston. 
For multi-cylinder aluminum blocks, though, if a 
broken or seized ring should score these relatively 
thin coatings, an extensive and costly teardown 
and reprocessing would be required to save the block. 


No Coat at All 


If aluminum alloy cylinders could be emancipated 
from their various types of wear liners and coatings, 
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Fig. 3— Close-up of 
spraying action used 
with the transplant 
coat technique. The 
coat can be produced 
in any thickness, with 
any material which 
lends itself toa spray 
deposit. 


it would be a most welcome economy to the small 
engine industry. To this end, an effort has been 
underway for some time now to see if an aluminum 
piston, coated or uncoated, can operate directly on 
an aluminum bore. As yet, no commercial engine 
uses this arrangement, but tests have been con- 
ducted on single and multi-cylinder two and four- 
stroke engines to determine the compatibility of 
cylinder-piston alloy combinations. 

Conclusions drawn from these tests indicate that 
wear rates of aluminum alloy cylinders are com- 
parable to commercially used cylinder and cylinder 
liner materials. The major problem is scuffing, 
which is a function of the compatibility of piston 
and cylinder materials and of lubrication. Some 
other findings include the following: 


@ Cylinder material, whether cast iron or 
aluminum, have an insignificant effect on 
piston ring wear both when the rings are of 
cast iron or chromium-plated cast-iron. 


Laboratory success has been realized in com- 
bining chromium-plated and molybdenum- 
sprayed pistons with sand cast, permanent- 
mold, and die cast aluminum silicon alloy 
cylinders. Silicon content ranged from 6% 
to 23%. The higher silicon levels have been 
found, in controlled ingestion tests, to im- 
prove wear resistance. 


Limited success has been realized in operat- 
ing uncoated pistons in the uncoated cylinder 
bores. By varying the alloy constituents in 
the aluminum piston and cylinder, it is possi- 
ble to produce differing, but compatible, 
properties in the mating parts. 


The use of specially compounded lubricating 
oils has proved beneficial in some laboratory 
programs and warrants further investiga- 
tion. 





Trans-Canada's experience 


with the Rolls-Royce Conway 
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Trans-Canai nes 
WO PROGRAMS ARE HELPING TO IMPROVE 
THE RELIABILITY of the Rolls-Royce Conway 
turbine engine, which powers TCA’s DC-8 aircraft. 

The first is based on the use of equipment for pre- 
ventive failure analysis and the use of simplified 
techniques for recognizing problems at the start. 
Such a program is important with big jet engines 
because of the increased effect on operation of un- 
expected component failures. 

The second program involves planned increases in 
engine overhaul periods and in service life of engine 
components to the maximum possible, considering 
the hazards involved. 


Preventive failure analysis 


Vibration Detection Equipment for Continuous 
Engine Monitoring — Over 2000 operational hours 
have been accumulated by TCA on one set of air- 
borne vibration detection equipment without a fail- 
ure. 

The Conway engine has a vibration level of 0.001- 
0.002 in., measured on the turbine assembly. Experi- 
ence in both development running and operation has 
shown that the vibration equipment will positively 
indicate compressor or turbine blade failures and 
even bearing failures. Vibration equipment should 
also prove valuable in assessing the effect of bird 
ingestion. 

Three engines have been rejected after overhaul 
for above-normal vibration levels. All three were 
found to have errors in the balancing of the rotating 
assemblies. 
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It may even be possible to set an absolute limit of 
vibration for the Conway, in addition to the moni- 
toring of changing vibration level. 

Positive Checkout Devices — Maintenance needs 
positive checkout devices to determine whether an 
in-flight warning signal was a true warning or was 
caused by system malfunctioning. 

With the Conway there has been little difficulty 
with false fire warnings. An Edison system was in- 
stalled by Douglas and mounted on the engine cowl- 
ing. 

There was one false warning of an internal engine 
overheat, which led to the design of a zinc pellet, 
which will be mounted near the overheat sensing 
element. The pellet is easily visible to maintenance. 
The overheat warning signal is supposed to be acti- 
vated by a leakage of high-pressure cooling air at 
450 C and above into the low-pressure cooling air 
stream. (The zinc melts at 420 C.) Should an air- 
craft land with an engine stopped following an in- 
ternal overheat warning signal, quick assessment 
can show whether this signal was positive or whether 
it was a false warning. Should the warning be a 
true indication of internal failure, as substantiated 
by the molten zinc, the engine must, of course, be 
removed. If the zinc is intact, however, investiga- 
tion and then ground running can be carried out. 

Metal Detecting Plugs and Filter Inspection — Fig. 
1 shows a simple hardware type of magnet, which 
has been installed in the scavenge screens of engines 
that were suspect, due to a metal buildup in the 
pressure filter. Even a short period of running 
with this simple magnet installed has either con- 
firmed the health of the engine or has pinpointed 
the bearing with an incipient failure. Since mag- 
nets in individual scavenge lines rob the main pres- 
sure filter of the metal deposit, and therefore neces- 
sitate individual scavenge filter inspection, a more 
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Fig. 1 — Magnet installed in scavenge screen to permit external 
measurement of metal deposit. 


refined system is required. This has led to the use of 
a Lisle detecting plug installed in the scavenge filter 
to permit external measurement of metal deposit 
(Fig. 1). 

Engine oil systems should have metal detecting 
plugs on which both magnetic and nonmagnetic 
particles will deposit, installed in the scavenge lines. 
This deposit can be sensed by an external means of 
measurement to indicate the amount of metal col- 
lected without disturbing the oil system. 

Individual pressure filter checks have not proved 
reliable in determining the state of the Conway en- 
gine. TCA has, therefore, resorted to the systematic 
collection of metal deposits found in the filter. 

Fig. 2 shows one of the boards maintained for a 
particular engine on which the packaged metal 
sample as collected at filter checks is stored. On 
this board the back history of metal buildup can be 
traced and action taken as required by each individ- 
ual engine. The amount of metal acceptable for 
further operation of one engine is sufficient to give 
warning of an incipient bearing failure in another 
engine. The rate of metal buildup is often more 
significant than the amount of metal found. 

Just prior to the start of passenger service, an in- 
flight shutdown due to a compressor bearing failure 
was experienced. TCA has since removed 24 engines 
for a suspected metal condition, without a further 
in-flight shutdown. In addition, the incipient fail- 
ure was recognized at such an early stage that all 
these removals were scheduled into the main base, 
giving a minimum of operational inconvenience. Of 
the 24 engine removals, 20 were substantiated by 
finding incipient stages of bearing spinning or 
breakup. Only in four cases were the removals un- 
substantiated. 

Spectrographic Oil Analysis—TCA experience 
with spectrographic oil analysis to give warning of 
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Fig. 2— Board with packaged metal samples collected at 
filter checks for a particular engine. 
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Fig. 3 — Spectrographic oil analysis for Conway engine. 





Rolls-Royce Conway 


. continued 


incipient problems in not yet large. In the case of 
the Conway, however, the iron content, as seen in 
spectrographic analysis of the oil in parts of iron 
by weight, is relatable to bearing condition. 

Fig. 3 shows three clear cases collected from a 
large number of similar graphs that do not all show 
correlations as clearly as these do. 

The first graph shows iron content of an engine 
that operated to 1000 hr and then was overhauled. 
The bearing condition in the engine was good and, 
as shown, the iron content remained at a level of 4. 
The second graph shows the effect of the only in- 
flight bearing failure. Note that the iron content of 
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Fig. 4-—— Direct operating cost per flying hour for various TCA 
planes, compared to DC-3. 


Fig. 5— Variation of 
DC-8 fuel consumption 
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the oil has risen to 10 at 100 flying hours before the 
bearing actually failed. 

For the third case, the iron content had increased 
to 10 and continued to show a high level. The en- 
gine was removed at 443 hr for metal indications in 
the filter. It was found that the front bearing was 
spinning on its shaft, producing fine steel particles. 

Automatic Flight Performance Recording — Over 
the past three years TCA has carried out a detailed 
study of possible uses of automatic flight perform- 
ance recording, particularly of engine operation. 
Two examples from the current DC-8 operation 
should help to show the gains that could be provided. 

The major problems that have been faced during 
the first year of Conway operation — front bearing 
vane failures, high-pressure turbine blade failures, 
and high-pressure compressor blade failures — are 
all relatable to the operating regime. A detailed 
record of the operation of the engine involved would 
be invaluable, both in respect to the development of 
improvements as well as in assessing whether parts 
that have operated prior to the understanding of the 
problem are acceptable or should be rejected. 

In addition, these recordings can help to control 
fuel consumption, which, as Fig. 4 shows, has in- 
creased for the various aircraft to the point where 
the fuel cost of the DC-8 is over 10 times that of the 
DC-3, per flying hour. 

Fig. 5 shows DC-8 fuel consumption plotted for 
four months by recording typical cruise readings. 
Note that the scatter often exceeds +3% of the 
nominal fuel consumption. If one could only find 
out how to improve the fuel consumption of all air- 
craft to that shown by aircraft 804 and also what is 
causing the fuel consumption of aircraft 801 to be so 
high, substantial savings in operating could clearly 
be produced. 

A lowering of fuel consumption by 2% on TCA’s 
fleet of 10 DC-8 aircraft would result in a saving of 
more than $150,000 per year. 


Overhaul life development 


TCA’s basic philosophy, which is based on exten- 
sive experience with the Rolls-Royce Dart engine, is 


NOTE 
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that the time between engine overhauls and the 
maximum service life of engine components should 
be increased as fast as it can be shown that the in- 
creased time produces no hazard. 

The gas turbine is potentially adaptable to very 
high overhaul live, compared to piston engines, so 
that a philosophy of engine life development 
matched to the potential of these engines is re- 
quired. Thus, the life development program used 
by the airline and approved by the Canadian De- 
partment of Transport permits the exploitation of 
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Fig. 6 — Operation of Dart engine 
(1955-1961). 
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potential engine overhaul life without increasing 
the risk of failure. A small number of samples seen 
at short increments, such as 100 hr, is considered 
valid because, in general, on the turbine engine the 
airline is probing for component total time limita- 
tions rather than limitations that could be linked 
with time between overhaul. 

The type trialing technique is similar to the initial 
sampling program, except that the trial engines — 
maybe two of them — are run for 100 hr more than 
the overhaul life for which approval is being re- 
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Fig. 7— Overhaul life 
development of Conway 
engine. 





Rolls-Royce Conway 


. continued 


quested from the Department of Transport. In this 
manner, the samples seen have been subjected to 
additional running, which increases the validity of 
the results and a smaller number of engines can be 
used as samples. If incipient problems are found in 
the engines that have been trialed 100 hr over the 
proposed overhaul life, it confines these problems to 
the trial engines only, and gives a chance of an ear- 
lier solution to them as advance warning is received. 

Such trials should be continuous without an upper 
limit, letting the component condition determine 
any limitations. In this manner, trialing also pro- 
vides protection against total time problems, since 
scatter of component life and knowledge of the con- 
dition of the components at different total times is 
rapidly gained. 

Fig. 6 shows how Dart engine overhaul life in- 
creased during five years of operation, when these 
concepts were being tested and, finally, fully intro- 
duced in 1959. This engine is now being operated to 
the declared overhaul lives without any component 
part time changes. The only units life-limited 
below the declared overhaul life are igniters, the 
starter clutch, and the fuel pump. Note that the 
overhaul life of the engine has been increased from 
below 1000 hr in 1955 to over 3000 hr by the end of 
1960. 

The achieved average time at overhaul is very 
close to the approved overhaul life. Both total shut- 
down rate and the rate of shutdowns caused by the 
basic engine have decreased, with the lowest rate 
occurring in 1959 and 1960. Unscheduled removals, 
particularly for basic engine causes, have remained 
generally constant, except for the latter part of 1956. 
The causes for the removals have changed as recog- 
nized problems have been overcome and new ones 
have been encountered. The engine material cost 
has decreased, particularly over the last three years, 
when the overhaul life increased from 2000 hr to 
3000. (A general factor for material cost increases 
of 25% should be subtracted from the 1960 figure, 
when comparing it to the 1955 figure, because of 
component price increases.) 

Fig. 7 shows what has happened in the case of the 
newer Conway engine. By means of the planned 
sampling program, 1500 hr was reached on the sam- 
ple engines by March 1961. This development 
within one year of operation is a sign of the poten- 
tial of the Conway engine as well as a confirmation 
of the validity of the program. No limitations are in 
evidence in the engine to date that could limit 
overhaul life development. Unless something un- 
expected occurs, TCA proposes to continue the life 
development program by following the sampling 
program with a continuous type trial with 2000 hr 
overhaul life as the immediate objective. 

The whole Conway engine is being operated to the 
overhaul life shown with no part time component 
removals. The units limited in life below the 1500- 
hr period are the fuel pump, igniters, ignition box, 
and engine antiicing valve, which are removed below 
the engine overhaul life for shop checks. 
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Rockwell Standard Corp. 


SE of the centerpoint steer axle on trucks is 

amply justified by the substantial reduction it 
brings about in the effort required to steer the ve- 
hicle. 

Configuration of the centerpoint steer axle is 
similar to that of the conventional axle but it differs 
in physical size to accommodate the load reactions 
imposed by the vertical kingpin arrangement in 
conjunction with minimum wheel overhang. A 
comparison of the two axles will show why there are 
major design differences in the components caused 
by change in wheel location to produce centerpoint 
steer. 


Standard axle design 


From the vectors shown in Fig. 1, illustrating a 
standard axle, it is apparent that the wheel load 
at the ground is transmitted to the spindle through 


the hub and bearings. The bearings straddle the 
load line and carry the load in proportion to their 
distance from the load line. In this instance, the 
outer bearing is carrying approximately 20% of the 
load and the inner bearing 80%. With a relatively 
light load at the outer end and a major portion 
load at the inner bearing, the bending moment on 
the spindle at the inner bearing journal is relatively 
small, hence an overly large diameter is not required 
for the rated capacity of the axle. 

Referring again to the vectors, the load on the 
kingpin at the upper and lower bushings is a func- 
tion of the distance from the wheel load reaction 
centerline to each of the bushings and the spread 
of the bushings. Here the load on the upper bush- 
ing is equal to 72% of the wheel load and on the 
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Steer Truck Axle 


Steering Effort 


lower bushing 82%. Therefore, in this type of de- 
sign the bearing and spindle loads are low while 
the bushing loads are high. 


Centerpoint steer axle design 


The centerpoint steer axle wheel end in Fig. 2 
shows the track line is pulled in adjacent to the 
kingpin centerline and inside the inner wheel bear- 
ing where it no longer straddles the bearing span. 
The outer bearing load direction is opposite that 
shown in Fig. 1 and is also of a greater mangitude. 
Here it is equal to 54% of the wheel load. The inner 
wheel bearing load is also increased and is now 
equal to 154% of the wheel load. Obviously, these 
increased bearing loads demand larger capacity 
bearings and an increased spindle diameter at the 
inner and outer bearing journals. By the same 
token, with the load line centered close to the king- 
pin centerline, which is now vertical, the static 
loading on the bushing is reduced considerably. 
They are now equally loaded at 8% of the wheel load. 


Comparative tests 


To determine the advantages of centerpoint steer- 
ing, tests were run with a conventional front axle 
and one of centerpoint steer design to compare 
static turn, rolling turn, and straight-away steering 
with unbalanced tire inflation. Equipment to meas- 
ure steering torque in lb-in. was installed in a con- 
ventional truck so that driver effort could be 
monitored continuously during all conditions of 
steering. In each case, each type of axle was in- 
stalled to its optimum geometry as to caster, camber, 
and toe-in. 

The curves in Fig. 3 indicate the steering effort 
at the steering wheel measured during each 5-deg 
increment of static turn. These curves represent 
an average of both right- and left-hand turns be- 
cause the right-hand turn normally requires more 
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Fig. 1 — Outer bearing of this conventional steering truck axle 
carries about 20% of load, inner bearing about 80%. Bearing 
and spindle loads are low while bushing loads are high. 


Fig. 2— Direction of outer bearing load on centerpoint steer 
axle is reverse of that on conventional axle. Load is equal to 
54% of the wheel load while inner bearing load is equal to 
154% of the wheel load. Bushings are equally loaded at 8% of 
the wheel load. 


effort due to the changes in effective lever length 
of the cross tube arms in a right or left turn. The 
average turning effort of the centerpoint steer axle 
at a 10-deg turn is 26% less than that of the con- 
ventional axle. As the angle of turn increases, the 
effort differential becomes more pronounced. 

The centerpoint steer axle showed up even better 


49 





Centerpoint Steer Truck Axle 


Reduces Steering Effort 


. continued 


STANDARD AXLE 


STATIC STEERING EFFORT 
TIRE SIZE 11:00 X 22 
WEIGHT ON TIRES 6200 LBS. 


ae, Ww ae ee 


DEGREE OF TURN AT TIRE 


Fig. 3 — It takes less effort to turn the steering wheel of a 
static vehicle when equipped with a centerpoint steer axle. Ad- 
vantage over conventional axle increases with degree of turn. 
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TIRE SIZE 11.00 X 22 
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Fig. 5 — Centerpoint steer axle has greater steering stabil- 
ity than a conventional axle when running with a near-flat, 
right-hand tire. Above 15 mph steering effort decreases 
with both types of axles due to centrifugal forces acting on 
the low pressure tire tending to balance out the tire. 


on rolling turns. The curves in Fig. 4 indicate the 
steering effort for various degrees of turn at 5 mph. 
At the 10-deg turning angle, the centerpoint steer 
axle required about 35% less turning effort. 


Stability enhanced 


To test for stability of steering, pressure in the 
right-hand tire was reduced to 5 lb while the left 
tire was inflated to 70 lb. Under these conditions, 
the centerpoint steer axle at the 10-mph point re- 
quired 36% less effort than the conventional axle 
(Fig. 5). 

Normally, positive caster is best for the conven- 
tional axle, but for centerpoint steer axles a nega- 
tive caster of 0.5-1.5 deg has been found to be best. 
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Fig. 4 — Centerpoint steer axle requires less steering effort 


than a conventional axle on a rolling turn. Beyond 10 deg 


oi turn the curves jiaiten out. 
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4 Ways fo improve 


dynamic braking capability 


of gas turbines 


on heavy-duty vehicles 


Based on paper by 
Kenneth A. Austin 


Lycoming AVCO Corp. 


NERGY gained on sustained downhill grades by 
heavy-duty vehicles can be absorbed by a gas 
turbine of conventional layout through: 


1. An over-running clutch between the gas 
generator and power turbine rotor sys- 
tems. 

2. Variable-angle power turbine stators. 

3. Single shaft engine (electrical wheel 
drive). 

4. Reversing the direction of the power tur- 
bine. 


Methods (1) and (3) are passive systems and have 
an upper limit of absorption defined by the mini- 
mum fuel schedule necessary for the particular gas 
generator speed. 

Method (2) has considerable merit, but becomes 
complex when applied to a multi-stage power tur- 
bine. 

Method (4) relies on the fact that the vehicle 
practically always has a reverse mechanism for 
normal maneuvering. The braking torque avail- 
able when the power turbine is brought to rest and 
then reversed against the normal gas flow is shown 
on a percentage basis in Fig 1. The energy absorbed 
heats up the exhaust gas and an upper limit is 
reached when the power turbine blade exit area 
chokes. 

This Method (4) system is clearly a dynamic one. 
It seems to offer several times the torque necessary 
to retain vehicles on the steepest grade likely to be 
encountered. (Several other applications of this 
principle to different purposes may suggest them- 
selves to other researchers.) 
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Some successful method of absorbing energy in a 
gas turbine of conventional layout is becoming in- 
creasingly important. Heavy duty military vehicles 
of 200 — 400 tons gross weight seem likely to appear 
with gas turbine power, because a free power tur- 
bine offers excellent torque characteristics during 
all level and positive slope driving. But, such a 
turbine is normally regarded as unabie to accept 
the impressed torque from the vehicle wheels dur- 
ing loss of height down steep sustained grades. So, 
consideration of methods to provide needed dynamic 
braking capability for such gas turbine-powered 
vehicles is particularly pertinent at this time. 


bh To Order Paper No. 347C .. . 


from which material for this article was drawn, see p. 6. 
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Fig. 1— Power turbine dynamic braking capability: curves show the 
braking torque available when the power turbine is brought to rest 
and then reversed against the normal gas flow. 








‘ Do and A Don ts 


for Gear Design 


Article shows what to do and what not to do 

when matching gear designs to production processes. 
Matching gear designs to production processes is more an art than a science. A given de- 
sign may be processed by different people in different ways but a wholly acceptable product 
will result in each case. However, all process engineers consider certain basic factors. Let’s 


look at some of these: 


If process engineers had a choice in gear blanks, this would be it 


LOCATING SURFACES 


CMC 
MN G 
e It has a massive section which will result in less heat treat 
and clamping or fixturing distortion. 


sal en WS Y in 
W. G. Wallece fi ! Y, 
NY 
ee 


¢ It has flat and parallel sides which can be easily produced 
by parallel wheel grinding. The part can be stacked for 
multiple hobbing and processing. 

«The geometry permits easy locating for centrality and 
squareness. 

e The part can be mechanically handled. Transporting, 
loading, and unloading of automatic equipment is relatively 
easy. 

e The configuration permits various methods of forming the 
gear teeth—hobbing, shaping, form cutting, and cold 
forming. 
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Common problems which threaten the accuracy and producibility of gears 


This is the proverbial halo mounted on a spider 
web. In aircraft practice this is a common gear, but 
it presents problems. 


@ The blank lacks rigidity which must be supplied 
by the fixture if accuracy is to be maintained. 


e@ Locating surfaces are inadequate for ideal proc- 
essing. 


@ The part may have to be die-quenched to avoid ex- 
cessive distortion. 


LOCATING SURFACES 


This is a common enough gear, but it would be 
much easier to make if the shaft was divorced from 
the gear. Its problems are: 


e The forging becomes quite complex if stock to be 
removed is to be held to a minimum. 


e@ The part cannot be hobbed or shaved from centers 
alone due to lack of rigidity. Fixturing must be 
provided adjacent to the gear teeth if accuracy is 
to be maintained. 


This gear represents the eternal problem, “What 
to start from”. Should we locate from the bore for 
both squareness and centrality or shall we locate 
from the meager face for squareness and the bore for 
centrality. If we choose the latter we run the risk 
of having the two locating surfaces fight each other. 
These problems present a challenge to the expand- 
ing arbor manufacturer to provide an arbor that 


LOCATING SURFACES 
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can be used as a driver and at the same time hold 
consistently close limits under hard working con- 
ditions. Some of the problems with this gear are: 


@ Very little surface to locate from for squareness. 


e The thin section under the teeth contribute to 
machining and heat treating distortion. 


continued on page 54 
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Gear Design 


. continued 


This gear represents a degree of complexity which 
is quite common. However, in volume production it 
always reminds the maker of its presence. 

@ The undercut under the teeth will contribute to 
lead heat treat distortion. 

@ Maintaining concentricity of the pitch diameter 
to both conical surfaces will be difficult. 

@ Minimum shaper cutter clearance gap under the 
gear teeth will cause poor cutter life and set-up 
problems. 

@ Configuration will probably make necessary a 
switch in locating surfaces during machining there- 
by leading to poor dimensional control. 


from which material for this article was drawn, see p. 6. 


>» To Order Paper No. 333B . . . 


Tracer Techniques Fall 


Short in Predicting Long-Term Wear 


JAMES J. GUMBLETON 


ADIOACTIVE techniques permit accu- 

rate measurement of piston ring and 
cylinder wear. Short-term tests, however, 
do not provide adequate basis for prediction 
of long-term wear. 

Gamma-spectrometry tracer techniques 
have been used to record simultaneously 
the wear of a cast iron piston ring and an 
experimental light metal alloy cylinder 
bore. Transient engine wear rates within a 
two second time interval can be measured 
and steady state wear as low as 0.000012 
grams have been recorded. 

Test results, however, indicate a random- 
ness which is to be expected from any wear 
measurement on a short-time basis. Re- 
peat wear measurements on different days 
varied by factors of 2 to 4. Repeat measure- 
ments on the same day were reasonably 


consistent and allowed relative compari- 
sons to be made between different operat- 
ing conditions. 

A statistical stepwise regression analysis 
indicated that the variation in wear was 
related to the ambient conditions that ex- 
isted principally during the shutdown pe- 
riod. The shutdown period results in high 
starting wear and produces a new wear 
surface which exhibits a new wear rate. 
This continuously changing engine wear 
surface prevents the prediction of long 
term wear on the basis of a short term test. 

Ring wear increased with speed, load, and 
supercharging, but the influence on wear 
of various fuel types tested was small, and 
wear was not affected by air fuel ratio 
within the flammability limits. Excessive 
ring wear was produced under abnormal 
engine operation such as knock (174 times 
normal) and rumble (32 times normal). 


Wi To Order Paper No. 324A... 
from which material for this article was 
drawn, see p. 6. 
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or Body-Frame 


Construction? 


Based on paper by 


D. N. Frey and J. W. Richards 


Ford Motor Co. 


STE 


JULY, 1961 


ARS produced with unitized or body-frame con- 

struction can be equally good. The unitized 
construction is more economical for compact cars, 
but economics is the major obstacle to unitizing 
larger cars. 

Change-over from unitized to body-frame con- 
struction or vice versa is expensive in terms of ob- 
soleting facilities and requiring new equipment. 
To change the Ford to unitized construction, for 
example, would obsolete a frame plant, force ex- 
tensive changes in assembly plants and revisions 
in other plants such as those making suspension 
components. Assembly plants are designed to proc- 
ess bodies about 4 ft shorter than unitized bodies. 
Bolting the added 4 ft of body structure required 
by unitizing to a body of conventional length after 
the body has been processed is a possibility that 
would reduce assembly plant investment, but it 
would increase the piece cost of the unitized struc- 
ture. To be financially attractive, therefore, the 
piece cost saving from unitizing would have to be 
significantly more than enough to cover investment 
and the risk associated with change. 


Construction problems 


The Falcon and Comet cars have a monocoque 
unitized construction in which the body skin panels, 
such as quarter panels, fenders and dash, carry a 
major part of the load. The front side rails in the 
engine compartment attach directly to the dash 
panel and the front floor without additional con- 
necting structure to the body side sills. 

Had these cars been designed for body-frame 
construction, the chassis frames would have re- 
quired center side rails connecting the front and 
rear structure. The low floors would have necessi- 
tated spacing these side rails wide apart, adjacent 
to the body inner side sills. To complete the chassis 
frame, center and front side rails would have had 
to be joined by torque boxes placed beneath the 
toeboard in a lateral direction. 

Attaching the front side rails to the dash-toeboard 
panel and floor is suitable for compact cars, but for 
cars weighing more than 2600 lb, structural mem- 
bers must be added to connect the front side rails 
to the body side sills. Such structural members 
should be relatively simple and low in cost, and if 
these objectives are met, unitized construction 
should be attractive for use in cars ranging in 
weight from 2600-3200 lb. 


Unitizing larger cars 

For the present, body-frame and unitized con- 
struction appears to be a standoff in terms of de- 
sign cost for cars in the over-3200-lb weight range 
which are 55 in. in height or lower, but the develop- 
ment of unitized construction is more difficult. 

The ultimate potential of unitized construction 
will be realized only after new methods have been 
conceived for joining body structural members, per- 
haps with adhesives, and for controlling noise and 
vibration. 


To Order Paper No. 317A... 
from which material for this article was drawn, see p. 6. 
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Fig. 1 — S/N curves — com- 
pletely reversible tensile 
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Here is presented a simplified, 
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practical procedure for... 


By P. E. Burke 
Roy Ing Researcl r Corp 
T IS POSSIBLE to design shafts with and without 

stress concentration factors without doing ex- 
cessive preliminary testing on prototypes and with- 
out having background data on various shafts in 
the form of S/N curves and service conditions. 
Some such practical design procedure is especially 
desirable in the automatic transmission field, where 
new designs are being required to transmit ever 
more power within the same or even smaller hous- 
ings. 

Following is an attempt to provide such a simpli- 
fied procedure for shaft design. It is applicable to 
steel shafts in pure torsion, or bending, or combined 
bending and torsion. 


Design Procedure 


I. Plot nominal torsional shear stresses versus cycles 
to failure curve as follows: 


A. Plot S/N curve for completely reversed tensile 
stresses. These curves are usually available and 
are constructed as follows: 


1. Given the ultimate tensile strength and the 
endurance limit for completely reversed load- 
ing — 
a. The allowable tensile stress at 1000 cycles 
is approximately equal to the yield strength. 
(Fig. 1) 
b. The allowable tensile stress at 1,000,000 
cycles is approximately equal to the endurance 
limit of the steel (Fig. 1). 


Designing shafts 


B. Plot S/N curve for completely reversed shear 
stresses. Shear stress is approximately equal to 
0.58 tensile stresses. (Constant energy of de- 
formation theory). 


1. Allowable shear stresses for completely re- 
versed loading are obtained as follows: 


a. Allowable shear stress 0.58 x tensile 

stress. 

b. Allowable shear stress at 1000 cycles ~ 

allowable tensile stress at 1000 cycles x 0.58 

(Fig. 2). 

c. Allowable shear stress at 1,000,000 cycles 
allowable tensile stress at 1,000,000 cycles 

x 0.58 (Fig. 2). 


C. Should the part be subjected to other than 
completely reversed shear stresses such as zero 
to plus or a plus to plus, the modified Goodman 
diagram is used to convert the completely re- 
versed shear stresses to those desired. 
1. Converting from completely reversed allow- 
able shear stress to zero to maximum allowable 
shear stress for 1000 and 1,000,000 cycles is 
shown in the modified Goodman diagram in 
Fig. 3. 


D. The S/N curve (nominal torsional shear 
stresses versus stress cycles) for the desired load- 
ing can then be plotted (Figs. 4 and 5). 
1. The allowable nominal shear stress curves or 
S/N curves become approximately straight lines 
when using log-log coordinates and plotting 
stress against stress cycles. 


E. The S/N diagram is then further modified by 
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for finite life 


reducing the shear stress diagram at 1,000,000 
cycles by the stress concentration factor. In 
effect, the stress concentration factor merely 
changes the slope of the S/N curve. 
1. Fatigue stress concentration factors are ap- 
plied by dividing the allowable shear stress at 
1,000,000 cycles by fatigue stress concentration 
factor and connecting this point with the allow- 
able stress at 1000 cycles (K,=1.00) with a 
straight line. This new curve is the allowable 
nominal shear stress for the particular section 
of the shaft with a stress raiser. Refer to the 
S/N diagrams in Figs. 4, 5, 6, and 7. 


II. Predict the design loads and design life as fol- 
lows: 


A. Design loads for transmissions are obtained 
from engine and converter curves. 
B. Design life is based on number of service miles 
required. 
C. Assume, unless there is service life data avail- 
able: (1) the number of maximum torque cycles 
per mile; (2) the number of full throttle starts 
per mile which will probably not exceed 80% of 
full stall torque; (3) the number of cycles at full 
engine torque (minus converter). It is apparent 
that the main criterion in the design of shafts for 
finite life is predicting the number and magnitude 
of the stress cycles. An example may be as fol- 
lows: 
Passenger car automatic transmission designed 
for 100,000 miles of operation — the following 
assumptions are made: 


(a) One maximum torque application per 100 
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Fig. 2— S/N curves — com- 
pletely reversible shear 
stress. 
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Fig. 3 — Modified Goodman diagram. 
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miles of operation equals 1000 cycles at maxi- 
mum torque. 

(b) One full throttle start, 80% maximum 
torque, per two miles of operation equals 50,000 
cycles. 

(c) Full engine torque applied 10 times per 
mile of operation equals 1,000,000 cycles at full 
engine torque. 


D. From the design life requirements of “C” the 
S/N torsional shear stress diagram will indicate 
the allowable nominal torsional shear design 
stress. It should be noted that a section having 
a stress concentration factor may be critical at a 
different number of stress cycles than one with- 
out a stress concentration factor. The example 
accompanying this article illustrates this condi- 
tion. 


The maximum nominal torsional shear design 
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Designing shafts 
for finite life 


. . continued 


stresses currently used by various manufacturers 
of passenger car automatic transmissions at maxi- 
mum converter torque are: 


Maximum Stress Cycles 
Nominal from S/N Curve 


Stress K,=10 K,=2.0 


78,000 1,000 1,000 
100,000 8,000 3,000 
128,000 1,000 1,000 

82,700 60,000 8,000 

81,500 80,000 9,000 

60,000 1,000,000 35,000 
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555 
555 
555 


From the above, it is evident that shafts for pres- 
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Fig. 5—S/N curves — zero to 
maximum shear stress. 
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Fig. 7—S/N curves —Tor- 
sional fatigue tests of converter 
turbine shafts — failures at 
transverse oil hole. 
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ent passenger car automatic transmissions are being 
designed for finite life. Apparently, these design 
values are satisfactory, possibly conservative, be- 
cause relatively few shaft failures have been ex- 
perienced. 

In conclusion, it should be stated that it is not the 
intent of this article to propose designing shafts to 
the critical limit, unless necessary, but merely to 
give the designer a clearer impression of the prob- 
lem he is facing. Using the method outlined in this 
paper will help the designer evaluate such items 
as hardness and stress concentration factors some- 
what better and will tend to minimize failures in the 
first prototype designs. 

The trend toward compactness will eventually 
force shaft design toward a more reduced finite 
life, thereby placing more emphasis on predicting 
the number and magnitude of the stress cycles more 
accurately. 
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from which material for this article was drawn, see p. 6. 


Fig. 4—S/N curves — zero to 
maximum shear stress. 
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Fig. 6—S/N curves —Tor- 
sional fatigue tests of converter 
turbine shafts — failures at 
transverse oil hole. 
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1. DEFINITIONS: B. The formula for nominal torsional shear stress 


A. Allowable Stress — The maximum stress which of a hollow round shaft is: 


the material can sustain without failure for a 16T D, 
finite number of cycles. The maximum stress S,= ay D+-D4 
which the material can sustain without failure for ~ : 
an infinite number of cycles is the endurance limit. 
B. Nominal Stress — The stress calculated by the 
simple torsional equations. 
C. Allowable Nominal Stress—The maximum 
allowable stress, reduced by the fatigue stress con- 
centration factor. 
D. S/N Curve — A plot of allowable nominal stress 3. EXAMPLE: 
of a particular section versus the number of stress Determine minimum shaft size having stress con- 
cycles to failure. centration factors of 1.00 and 2.00 for 100,000 miles 
E. Theoretical (geometric) stress concentration of passenger car operation. 
factor, K,- Maximum Engine Torque = 200 lb-ft 

maximum stress of the section Maximum Converter Torque = 420 lb-ft 
X,=——————— Based on assumptions in section IIc and nominal 

average stress of the section stress equations in section 2A, the diameters are as 
K, is obtained analytically based on elastic theory follows for a shaft of 514 to 555 Bhn. 
or experimentally by such methods as photo- 
elasticity and strain measurements. A. 1000 cycles at 420 lb-ft: 


F. Fatigue stress concentration factor, K,- D =0583-for Kf=1.00 Nominal Shear Stress 
endurance limit without stress raiser 130 000 rea 
K; eee: nn — —_ _ oO * i 


endurenes Venit with ctvess role D, = 0.583 -for Kf=2.00-Nominal Shear Stress 


The fatigue stress concentration factor is con- = 130,000 

sidered maximum at 1,000,000 cycles and dimin- B. 50,000 cycles at 336 lb-ft: 

ishes to 1.0 at 1000 cycles. D,=0.626 for Kf=1.00-Nominal Shear Stress 
2. CALCULATIONS OF NOMINAL STRESS: - 84,000 

A. The formula for nominal torsional shear stress D,=0.716 for Kf=2.00-Nominal Shear Stress 
of a solid round shaft is: 56,000 


S,=Shear stress (spi) 

T =Torque (lb-in.) 

D, = Outside diameter (in.) 
D,=Inside diameter (in.) 


C. 1,000,000 cycles at 200 lb-ft: 
D,=0.589 for Kf=1.00—Nominal Shear Stress 
S.=Shear stress (psi) = 60,000 
T =Torque (lb-in.) D,=0.742 for Kf=2.00-Nominal Shear Stress 
D,, = Outside diameter (in.) - 30,000 


Strength Properties of Steel 


Endurance Limit, psi 
Brinell Tensile Yield ——-----——- ’(12-——— 
Hardness Strength, psi Point, psi Ground Machined Hot-Rolled As-Forged 
Surface Surface Surface Surface 


160-187 77,000 48,000 33,000 30,000 24,000 18,000 
187-207 89,000 60,000 39,000 34,000 25,000 19,000 
207-217 99,000 69,000 44,000 37,000 27,000 20,000 
217-229 103,000 74,000 46,000 38,000 27,000 20,000 
229-241 109,000 80,000 49,000 40,000 28,000 20,000 
241-255 114,000 86,000 51,000 42,000 29,000 21,000 
255-269 121,000 94,000 55,000 44,000 30,000 
269-285 127,000 101,000 57,000 46,000 30,000 
285-302 135,000 110,000 61,000 49,000 31,000 
302-321 142,000 120,000 64,000 51,000 32,000 
321-352 151,000 130,000 68,000 53,000 33,000 
352-375 166,000 147,000 74,000 57,000 34,000 
375-401 176,000 158,000 78,000 59,000 35,000 
401-429 188,000 171,000 82,000 62,000 35,000 
429-461 202,000 183,000 86,000 64,000 35,000 
461-495 217,000 196,000 88,000 65,000 34,000 
495-514 233,000 210,000 89,000 66,000 32,000 
514-555 241,000 217,000 89,000 65,000 31,000 


Taken from “Stress and Strength of Manufactured Parts” by Lipson, Noll, and Clock. 
McGraw Hill Book Company, Inc. — 1950. 
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Stress rupture unit uses 


electron beam heating .. . 


... to produce very high temperatures needed 


to obtain stress rupture data for refractory metals. 


Based on paper by 


Al Donlevy and Jack K. Y. Hum 
LECTRON beam heating can be used as a heat 
source in stress rupture testing of columbium, 

molybdenum, tantalum, tungsten, and their alloys. 

Temperatures of 2400 F to above the melting points 

of these metals can easily be obtained by this mode 

of heating. 

Unlike conventional heating, that is, resistance, 
induction, and quartz lamp, where a large amount of 
energy is wasted on heating the surroundings, elec- 
tron beam heating is concentrated on the test speci- 
men. The problem of heat dissipation and the use 
of large power supplies evidenced in the conven- 
tional heating method are not present in electron 
beam heating. 

The principle of electron beam heating is quite 
simple; it is based on the principles utilized in X-ray 
tubes. The only difference is.that much lower volt- 
ages are used in electron beam heating than in 
X-rays, so that generation of X-rays is reduced to a 
minimum. 

A tungsten filament is heated to an elevated tem- 
perature to provide for the source of electrons. A 
high direct-current potential is placed between the 
filament and specimen, with the polarity directed 
so that electrons are drawn to the specimen. The 
specimen is heated by the bombardment by elec- 
trons; therefore, the term “electron bombardment 
heating.” 

There are two minor drawbacks to the use of this 
method of heating: The work must be done in a high 
vacuum; and 2200 F appears to be a low test temper- 
ature at the present time. The advantages of this 
method are numerous: There are no limitations to 
how high the temperature; power requirements are 
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low; the system is compact; heating is rapid; and 
the system is stable. 


Description of apparatus 


The stress rupture unit is similar in construction 
to the Battelle units and meets recommended ASTM 
specifications. 

The heating unit is mounted in the same position 
as a normal resistance heating furnace and occupies 
approximately the same volume. The vacuum pump 
is attached directly to the rear of the chamber, with 
connections to the mechanical pump. Electrical and 
water connections enter the chamber from the sides. 
The front of the chamber has pyrex viewpoints so 
that temperature measurements can be made. 

The high voltage power used in this apparatus is 
capable of 5000 v at 500 ma. 

The electron gun is constructed so that the beam 
is defocused in such a manner that the beam is 
bombarding a section of the test specimen roughly 
3 in. in length. Since the gun is annular, the speci- 
men is bombarded from 360 deg, so that heating is 
peripheral and the specimen is heated uniformly 
from all directions. 

The temperature over the 2-in. midsection of the 
test specimen is very uniform and temperature dif- 
ferences cannot be observed with an optical pyrom- 
eter over the 2-in. length. All the deformation oc- 
curs within this 2-in. gage section. 

The specimen grips are made from 90 tantalum 10 
tungsten alloy. Since the grips are water-cooled, 
experiments indicate that stainless steel can be 
used for this application. 

There is a sharp temperature drop from the 3-in. 
gage section ranging from temperature at test to 
temperature of the cooling water. Two types of 
grips are used in the unit. On bar specimens, the 
grip consists of a socket in which the specimen is 
inserted in place, a lock ring is placed about the 
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socket to prevent the specimen from coming loose. 
For sheet specimens, the specimens are pinned to 
the grips by the use of 90 tantalum 10 tungsten pins. 

Fig. 1 shows a schematic drawing of the apparatus 
and Fig. 2 shows the type of test specimens. In the 
case of the tungsten wire, however, loops were fab- 
ricated from the wire and the pins were inserted 
through the loops to hold wire specimens in place. 
There was no noticable “give” in the loops of the 
tungsten wire under test. This is probably due to 
the very high temperature of testing for the tung- 
sten and hence the light load applied. 

The only limitation on the size of the test speci- 
mens is the size of chamber. By changing the size 
of the chamber, different sizes of specimens can be 
accommodated. 


Temperature measurements 


It was discovered quite early that accurate meas- 
urement of temperature presented a problem in 
high-temperature testing. 

Because of nonblack body conditions and the 
changing emissivities with increasing temperatures, 
erroneous temperature readings were quite a prob- 
lem. 

There are three types of corrections to be made in 
this kind of testing: (1) Corrections for nonblack 
body conditions; (2) corrections for changing emis- 
sivities; and (3) corrections for transmission 
through glass. 

Corrections for transmission through sight glass 
were accomplished by heating a tungsten filament 
of known cross-section with known currents and 
comparing temperatures obtained at each current 
setting with an optical pyrometer through the sight 
glass with the published Bureau of Standard tables. 
The difference between the two values is the correc- 
tion factor for transmission through the sight glass. 

Corrections for the other two factors were accom- 
plished in the following manner. Small holes, ¥% in. 
deep by 1/16 in. in diameter, were drilled into tung- 
sten, tantalum, molybdenum, columbium, nickel, 
and copper sheets. Optical pyrometer readings were 
made at the bottom of these holes while the mate- 
rial was heated. The collapsing of a hole signified 
that the melting point of the material was reached. 
Curves were plotted: the published melting point of 
the pure metals versus optical pyrometer readings. 
The deviation between the two values is the correc- 
tion factor to be added to the optical pyrometer 
readings, as the readings are always on the low side. 
As a further check on the temperature readings, 
comparisons were made between the readings by a 
platinum 10% rhodium thermocouple attached to 
the specimen and optical pyrometer up to 3200 F. A 
satisfactory agreement was observed between the 
two up to the limits of the thermocouple. 


Test procedure 


In all cases, the test specimens were placed be- 
tween the grips and aligned carefully to avoid any 
other stress than uniaxial stress. The chamber is 
then closed and evacuated to 0.1-0.01 micron vac- 
uum. This normally requires about 10 min. The 
filament is then heated to 2700-3000 F to ensure a 
good source of electrons. The high voltage supply 
is then turned on and voltage is gradually increased 
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Fig. 1 — Schematic drawing of stress rupture machine. 
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Fig. 2 — Test specimen used in stress rupture machine. 


until the specimen reaches 1600-1900 F, as measured 
by an optical pyrometer. It remains at this temper- 
ature for a few minutes to permit any out-gassing 
that may come from the specimen. The high volt- 
age is then increased until the desired temperature 
is reached; and then the load is applied to the speci- 
men. The total time required for the above proce- 
dure averages about 15 min. The failure of the 
specimen automatically shuts off the high voltage 
supply. Since the grips are water-cooled the broken 
halves of the specimen are rapidly cooled to ambient. 
temperature by conduction through the grips. The 
filament is turned off and the chamber is brought. 
up to air. This last procedure takes about 15 min 
and another specimen is ready for test. 


To Order Paper No. 354D . . . 


from which material for this article was drawn, see p. 6. 
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Leaner S.I. Engine 


Lower fuel/air ratios mean more complete combustion and decreased 


dissociation and the mean specific heat of the gases. 


Prof. Jay A. 


Bolt, 
: 


David H. Holkeboer, 


EANER FUEL/AIR MIXTURES, made possible by 

use of high compression ratios or increased inlet 

temperatures, can help achieve greater part-load 

economy in spark-ignited engines. Increases in 

thermal efficiency up to 5% above that obtained 
044 


INLET MANIFOLD _ 
_ TEMPERATURE 


FUEL-AIR RATIO 


COMPRESSION RATIO 


Fig. 1 — Leaner mixtures can be used if compression tempera- 
ture is increased. Ways of doing this are by increasing the 
compression ratio and raising the inlet manifold temperature. 
It was found that an increase in compression ratio from 5.5 to 
14.9 permitted approximately 8% leaning of the mixture. 


The problem is can an 


with a stoichiometric mixture, have been noted in 
tests using a single cylinder engine running on 
propane fuel. The same benefits are also expected 
to be gained for multi-cylinder engines using gaso- 
line. 

Data obtained from a 3%4 x 4% in., Cooperative 
Fuel Research Engine, used as a test unit, suggest 
how leaner mixtures can feasibly be utilized. As 
illustrated in Fig. 1, fuel/air ratio can decrease if 
intake manifold temperature rises, or compression 
ratio is increased. Either of these factors serve to 
increase the compression temperature — important 
in achieving lean mixture burning. 


Why so late? 


For decades the advantages offered by lean mix- 
tures have been known, but remained unexploited. 
The difficulties encountered with lean mixtures 
largely account for this. Nearly all fuels will not 
ignite or propagate flame with much excess air. 
In multi-cylinder engines using liquid hydrocarbon 
fuels the problems are compounded by unequal 
distribution. The desire for good acceleration fs 
another limiting factor. Besides, mixture enrich- 
ment has been the necessary and all too easy way 
out of the defects of the complete induction system 
of the carbureted engine. Simply and effectively it 
covers up many of the problems resulting from 
metering difficulties. 

Early research does point the way, though, toward 
leaner mixture burning. For example, it has been 
demonstrated that quiescent mixtures can be burned 
leaner if they are preheated before ignition. The 
theory behind this is that flame propagation is 
possible when the mixture heating value is sufficient 
to produce a flame temperature at least equal to the 
“ignition temperature.” This is borne out by the 
fact that the lean-limit heating value required for 
light hydrocarbon fuels decreases as the tempera- 
ture of the unburned mixture is raised. It appears, 
therefore, that the important factor in determining 
the lean limit is a temperature threshold which must 
be reached in the flame zone. It seems reasonable 
to expect that these non-turbulent. mixture char- 
acteristics apply to turbulent conditions also . 
more specifically — engine conditions. 
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Diet Boosts Efficiency 


flame temperatures. 


Heat loss to the metal walls is reduced, along with chemical 


engine be made to run leaner? Recent experiments indicate how. 


As already noted, the single-cylinder engine tests 
confirm this expectation. Data taken from tests 
for determining the lean limit were used to compute 
compression temperature. The results, shown in 
Fig. 2, clearly demonstrate the lean limit to be 
fundamentally a function of compression tempera- 
ture. For a given compression temperature, the 
lean limit at all compression ratios is approximately 
the same. 

Another factor found to influence the lean limit 
is the amount of charge dilution by residual exhaust 
gases ... the lower, the better. To some extent 
dilution can be decreased by increasing the intake 
manifold pressure. In some engines, the ability to 
use lean mixtures at part throttle could be increased 
by reducing the period of valve overlap. 

On the debit side of the picture is the fact that 
lean mixtures are accompanied by a loss of power: 
(Since they are usually considered only for part 
load operation this may not be soimportant). Also, 
the lean limit fuel/air ratio for gasoline is richer 
than that for propane. For propane, the fuel/air 
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COMPUTED COMPRESSION TEMPERATURE , FAHR. 


ratio is 0.034 at the lean limit. This compares to 
0.0441 for isooctane. (These values are for non- 
turbulent mixtures in a long tube.) Another factor 
to be taken into account is the increased motoring 
friction horsepower at higher compression ratios. 
This means that the brake thermal efficiency would 
be less than the corresponding indicated thermal 
efficiency. 

A relatively large increase in the delay period — 
the time between the spark and the pressure rise 
due to combustion — accompanies leaner mixtures. 
The principle effect of this phenomenon is to re- 
quire an earlier spark timing. Since added leanness 
of the mixture lengthens the delay period and re- 
duces the rate of flame propagation, variation in 
mixture among the cylinders makes optimum spark 
timing for all cylinders impractical. This is further 
reason to make every effort to achieve the best 
possible mixture distribution. 


bh To Order Paper No. 380D .. . 


from which material for this article was drawn, see p. 6. 
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Fig. 2 — Basically, the lean limit is 
a function of compression tempera- 
ture. Although the computed com- 
Pression temperatures show some 
scatter, the trend is clear. For a 
given compression temperature the 
lean limit is the same, regardless of 
compression ratio. 
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Here's a vehicle for that trip tomMars 


>A medium-thrust nuclear electric rocket is proposed for a 


3-man orbit-to-orbit earth-Mars round-trip mission. 


Total 


trip would take one year, with a payload fraction of 0.345. 


3 paper Dy 


R. W. 


allet, Jr., and S. Gronich 
pace Systems Engineering, Douglas Aircraft C 

HE nuclear electric engine with a thermionic nu- 

clear magnetogasdynamic system (TIN-MGD) 
(Fig. 1) heats hydrogen fluid as it flows through a 
solid core reactor (Fig. 2) up to the normal tempera- 
ture limitation of the reactor. Then, a combined 
electromagnetic force is placed on the fluid to fur- 
ther accelerate it in the exhaust nozzle. The energy 
for both the electrical discharge and the mag- 
netic field is supplied through thermionic units (Fig. 
3) located within the reactor core. The anode of the 
thermionic unit is cooled by circulating a liquid so- 
dium coolant tlirough the reactor core to a heat ex- 
changer, which transfers the thermal energy to a 
second coolant and finally rejects the heat through 
a radiator. The heat exchanger and borated water 
shield are required to minimize radioactivity in the 
radiator and thus reduce the scattered shielding 
problem. 

Thermionic units are selected for the energy con- 
version process to enable higher operating tempera- 
tures than normally obtainable with turbogenerator 
machinery. Thus, higher temperature levels are per- 
mitted in the radiator without greatly compromis- 
ing the overall thermal cycle efficiency. Secondly, 
their use eliminates the requirement of heavy gen- 
erators. The use of a downstream magnetogasdy- 
namic accelerator eliminates the high heat flux at 
the nozzle throat, as well as the high radiation and 
frozen flow losses associated with an arc jet, which 
limits such a system to a specific impulse below 3000 
sec 

Although not specifically indicated in Fig. 2, the 
electrodes are located around the perimeter of the 
nozzle just downstream of the throat. 
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Thermionic units 


The thermionic units (Fig. 3) consists of a spe- 
cially coated cathode, which emits electrons when 
heated in the reactor and an anode to absorb the 
electrons. The difference in work function between 
the two materials defines the voltage that can be 
generated. While the electrons occupy the space 
between the cathode and the anode, a space charge 
is generated, repelling the flow of additional elec- 
trons from the cathode. Such an effect can be 
greatly minimized by circulating positive ions of 
cesium vapor through the gas. The weight of the 
cathode is established by the thermal stresses im- 
posed and the evaporation rate of the cathode mate- 
rial, which amounts to approximately 0.00015 mm 
per hr at 4140 R. The anode comprises the major 
portion of the weight of the elements. Molybdenum 
is a satisfactory material for the anode. 

Most of the work on thermionic units is still at the 
research and early development stage. An internal 
efficiency of 30% may be reached within 5 years, 
with a 50% efficiency being ultimately attainable. 


Cross-field accelerator 


A magnetic field and electric field mutually per- 
pendicular to one another are used to accelerate ions 
in the nozzle exhaust. Since the static temperature 
of the hydrogen downstream of the nozzle throat is 
not sufficiently high to be ionized (4500 R), the flow 
is seeded with 0.1% of potassium. Through this 
means the Joule heating losses within the gas can 
be kept low and most of the electrical energy used to 
apply an accelerating force to the propellant. If the 
hydrogen gas is sufficiently dense, the ions will give 
up their extra energy obtained in the combined elec- 
tric and magnetic field, and momentum will be 
transferred in essentially an axial direction, produc- 
ing an effective acceleration. 

In the pressure and temperature ranges of inter- 
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Fig. 1— Vehicle configuration of 
nuclear electric rocket designed for 
trip to Mars and back. 
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Fig. 2— Thermionic nuclear mag- 
netogasdynamic reactor with graph- 
ite moderator. 


est, collisions between particles are so frequent that 
the microscopic motion of individual particles need 
not be considered. For hydrogen at 4500 R and one 
atmosphere pressure, for example, the collision fre- 
quency is greater than 10° per sec per particle. This 
means that, for an accelerator channel length of one 
meter and an average flow speed of 10,000 m per sec, 
more than 10° collisions per average particle will oc- 
cur inside the accelerator channel. 

There are losses of energy due to viscosity and 
heat transfer to the wall of the accelerator. These 
losses can be minimized by adding the energy at 


JULY, 1961 


H. COOLANT 
MAGNETIC COIL 


THERMIONIC UNITS 
EMBEDDED IN CORE 


high Mach numbers or over a longer length of noz- 
zle. There are also theoretical indications that 
Joule heating in the boundary layer will greatly in- 
crease the heating rate to the wall. A possible solu- 
tion to this problem is to seed the boundary layer 
locally. 

A magnetic field strength of approximately one 
weber per sq m is required in the acceleration cham- 
ber. The Joule heating in the magnet is absorbed by 
circulating hydrogen through the coil, which permits 
magnet weights to be held at a minimum. 

The performance increase by the accelerating de- 
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Here's a vehicle 
for that trip to mars 


. continued 


vice is approximately defined as a function of the 
accelerator length by assuming an ideal nonreacting 
gas considering one dimensional flow. The continu- 
ity, momentum, and energy equations are solved 
considering the influence of the electric body force 
and Joule heating on these flow variables as a func- 
tion of nozzle length, current density, magnetic field 
strength, and conductivity of the gas. 


Reactor 


Although it is possible to eliminate the radiator 
and use hydrogen fluid as the heat sink, an increase 
in specific impulse of only 6% relative to a conven- 
tional nuclear rocket is possible with thermionic 
units of 30% internal efficiency. Thus, the heat re- 
jected from the thermionic units is handled through 
a separate heat exchanger-radiator cooling loop. 

The addition of a separate heat exchanger and 
borated water shield between the reactor and the 
radiator does increase the engine weight, but it re- 
duces the crew sidewall shield requirements and im- 
proves the overall reliability of the system. Sodium 
is used in both the reactor-heat exchanger circuit 
and the heat exchanger-radiator circuit, due to its 
desirable vapor pressure characteristics at 2000 R. 
Ten per cent of the sodium is boiled in the reactor in 
order to keep anode temperatures constant at 2100 
R. Thermal stress and pressure drop have opposite 
effects on coolant passage diameter. Small tube 
sizes are required to minimize the former effect 
while large tubes are necessary for the latter. Ther- 
mal stress is a particularly severe problem, since the 
reactor is to operate at high temperature for long 
periods of time. 


A typical reactor design is given below: 
Thrust Gross Weight Ratio 10 
Power Generated, mw 270 
Engine Operation Time, hr 10° 
Void, % 18 
Diameter = Length, ft 3 
Coolant Passage Diameter, in. 0.120 
Elongation, % 2 
Centerline Temperature- 

Cathode Temperature, R 210 


The 2% elongation is based on short-time infor- 
mation of commercial-grade graphite. This is con- 
servative, since graphites with usable strengths to 
6000 R have been developed and stress relief of the 
graphite is not considered. 

Power levels less than 270 mw will have greater 
thermal stress problems. 


Radiator 


The radiator consists of a grouping of singular 
tube banks separated by fins having a triangular 
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cross-section. The tubes are finned in order to ex- 
tend the area for heat dissipation without increas- 
ing the vulnerable area for meteoroid punctures. 
Beryllium is selected as the tube wall material, ow- 
ing to its desirable strength-weight and meteoroid 
puncture characteristics at the desired operating 
temperature of 2000 R. The radiator is subdivided 
into a number of modules, each with a separate 
pump and valve. 

Spare radiator modules amounting to 20% of the 
radiating area are carried to replace those punc- 
tured by meteoroids. This permits a significant re- 
duction in tube thickness and, consequently, radia- 
tor weight for a given overall probability of success. 
The tube wall thickness is then selected to give a 
probability of successful completion of the mission 
in excess of 99%. In all cases investigated, the 
meteoroid environment dictated the wall thickness 
rather than thermal or internal pressure stresses. 

During the inoperative period of the engine, the 
radiator is stowed within the space between the 
clustered fuel tanks. Thus, the radiator weight is 
proportional to engine burn time. 


Overall system weight 


On the basis of the preceding analysis the overall 
propulsion system weight required for the proposed 
mission is defined. The fuel tank structure weight 
is assumed to be 6% of the fuel weight. The vehicle 
gross weight leaving the earth’s orbit is selected to 
be 250,000 lb. Such a weight is appropriate as an 
orbiting payload for a Nova-type chemical rocket 
for a large nuclear booster. 


Vehicle configuration 


The design point for the three-man crew is se- 
lected at an initial thrust to weight ratio of 10°, a 
specific impulse of 8000 sec, and a useful load frac- 
tion of 0.345. The vehicle is designed off optimum 
specific impulse to reduce the size of the radiators. 
The required fuel weight is 94,000 lb, carried in four 
tanks 50 ft long and 12 ft in diameter. One tank is 
located directly under the crew compartment to as- 
sist in neutron shielding for the crew compartment 
and the other three are clustered beneath it. Three 
radiators each 100 ft long and 60 ft wide are re- 
quired. Adequate space is left between the lower 
three tanks to permit storage of the radiator while 
the engine is inoperative. Although folding the 
radiator is a difficult design problem, it is eased 
somewhat by the modular construction of the radi- 
ator. To improve the adverse shape factor between 
the radiators, a thin inflatable reflector is inserted 
between each radiator. 


Nuclear shielding 


A borated water shield is provided between the 
reactor and the heat exchanger to reduce activity in 
the radiator. This also helps to reduce hydrogen 
boil-off due to neutron heating. For the design con- 
dition this amounts to a weight of 5000 lb. Both 
scatter and direct shielding are provided to protect 
the crew from the reactor radiations. The leakage 
from the reactor is assumed to be 42% of the reac- 
tor power level. The crew is provided with an 8-ft 
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cubicle shielded room to be used during engine op- 
eration or during a solar flare. Such a size was con- 
sidered reasonable, since the longest period of en- 
gine operation is about 10 days. An uranium shield 
is provided near the reactor to absorb gamma radia- 
tion, hydrogen in the upper tank is used to further 
absorb neutrons that are not stopped by the borated 
water shield. A boron shield is used at the base of 
the shielded well to convert thermalized neutrons 
into gamma radiation. 

The crew sustenance material is assumed to be 
80% effective, relative to uranium, in absorbing both 
the gamma radiation resulting from the boron shield 
and the gamma emitted from captured neutrons in 
the hydrogen tank. The sustenance material is also 
used on the sides and top of the crew compartment 
to reduce scatter radiation from the structure and 
radiators. The shielding effectiveness is designed 
to permit a total dosage from nuclear radiation 
equivalent to 5 rem (roentgen equivalent, man) scat- 
tered and 5 rem direct. Sustenance material, in- 
cluding oxygen, food, water, and CO, absorber, 
amounts to 15 lb/man/day or a total weight of 16,400 
lb. 


Solar flare shielding 


Solar flare radiation events reached a maximum 
during the last few years and will decrease with de- 
creasing sunspot number and reach a minimum in 
the interval 1963-1964. 

On the basis of the four years of available data it 
is assumed that one solar flare radiation event oc- 
curs approximately every 1.2 months and that an 
protons 


cm?-sec 
is associated with each event (£ =proton energy in 
mev; 30< £< 500). Based on this flux a required 
thickness of aluminum is determined, considering 
that protons and neutrons are the only significant 
secondaries; that is, that pion production effects, 
proton bremsstrahlung effects, and secondary gam- 
mas are negligible by comparison. Over the range 
of shield thicknesses considered (30-150 psf), the 
dose due to secondary neutrons varies by a factor of 
1 to 15 times the proton dose. 

The proton shielding results for aluminum can be 
applied to other substances of relatively low atomic 
number, such as, carbon, oxygen and nitrogen, with- 


average time-integrated flux of 2.69 x 10°5 E-5 
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Fig. 3 — Thermionic unit assembly 
in reactor core. 


out significant error. However, care must be exer- 
cised in choosing a shielding material that will not 
yield an abundant source of secondary neutrons. 
Beryllium, lead, and uranium, for example, are pro- 
lific secondary neutron sources for the proton ener- 
gies of concern. Thus, part of the solar flare shield- 
ing requirements is handled by the sustenance ma- 
terial. Galactic cosmic ray radiation is not included 
in the shielding analysis, but it is felt to be a rela- 
tively insignificant factor. 

Throughout the past 19 years approximately seven 
flares could be classified as major bursts. The re- 
quired shielding material, considering protection 
against the secondaries generated from within the 
shield itself could require orders of magnitude in- 
crease in shielding unit weight. The case, of course, 
is not at all hopeless, since much is yet to be learned 
relative to shielding techniques as well as ability to 
predict such events well in advance of their occur- 
rences. 

Dr. K. A. Anderson of the University of California 
has developed a solar flare prediction mechanism 
based upon the gradient of growth of the penumbra 
regions surrounding large active sunspots. Expand- 
ing such techniques as well as acquiring a much 
more complete understanding of the statistical vari- 
ation in solar activity over the next 5-10 years 
should ensure a high probability of successful com- 
pletion of manned interplanetary missions involving 
a total period of a year. 

For the proposed mission the worst solar flare 
condition is assumed, requiring a unit shield weight 
of 110 psf of protected area in order to keep the crew 
dose at a level of 5rem. This shielding is also suffi- 
cient to keep the crew dose level to 5 rem for the 
round trip due to passing through the Van Allen 
radiation belt if a polar orbit is selected. The com- 
bined dosage to the crew due to radiations from the 
nuclear reactor, Van Allen belts, and solar flares is 
then 20 rem total for the one-year round trip to 
Mars. The total effective shielding weight is esti- 
mated to be 65,000 lb for minimizing hydrogen boil- 
off and for crew protection. No attempt is made to 
optimize the shielding analysis, which undoubtedly 
would permit substantial reductions in the overall 
shielding weight required. 
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Testing compression ring wear 
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ADIOACTIVE ring wear tests make apparent that 

the design of the fuel injector, compression ring, 
and oil control ring can influence the wear rate of 
compression rings. The effect upon compression 
ring wear of the three design variables is very defi- 
nitely influenced by the quality of fuel supplied to 
the engine. Moreover, the speed and bhp of the 
diesel engine affect the extent to which each of the 
three variables, plus fuel quality, influences com- 
pression ring wear. 


Injector design 


Over the range of engine operation examined, the 
needle valve type injector effected a reduction in 
cast iron compression ring wear rate of more than 
60% when compared with the spherical valve type. 
The needle valve type is the superior atomizer and 
provides a fast, positive cut-off at the end of each 
injection. Performance evaluations firmly establish 
that it provides improved combustion efficiency and 
thermal efficiency. 

It is concluded from the tests that the reduction 
in carbonaceous products of incomplete combustion 
is responsible for the relatively low ring wear rates 
measured with this design. Therefore, a needle 
valve injector was used in subsequent tests to evalu- 
ate the effect of compression ring and oil control 
ring designs on ring wear. 


Compression rings with distillate fuel 


Comparative wear rates obtained from radioactive 
compression rings of cast iron and a chromium- 
plated set give the edge to the latter. Fig. 1 shows 
total ring wear increasing with an increase in bmep 
and, under conditions of higher speed and horse- 
power, the chromium-plated ring producing less 
wear than the cast iron one. Metallurgical specifi- 
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effect of diesel design variables. 


cations for cast iron were similar for the two ring 
designs, hence it is concluded that the chromium- 
plated face produced the difference in wear rate and 
that the iron side wear was much alike for each ring. 

At idle and in throttle position No. 4 (515 rpm), 
measured wear rates for the two rings were identi- 
cal. This appears plausible when it is considered 
that each wear test represents stabilized engine op- 
eration over a period of 5-6 hr with high quality 
fuel, high engine combustion efficiency, new lubri- 
cating oil, clean air, and an environment helpful 
to the cast-iron ring. 


Compression rings with crude oil 


When mid-continent crude was fed to the engine 
the wear rate of cast-iron rings was consistently 
higher than that of the chromium-plated ones, the 
greatest differences occurring at rated engine speed 
and horsepower (Fig. 2). The total wear rate of the 
chromium-plated rings remained approximately the 
same over the full range of engine operation. 

Assuming side wear of both rings to be similar, 
the wear rate of the cast-iron ring face with filled 
grooves is twice that of the chromium-plated ring 
face in throttle position 4, and more than 400% 
higher in throttle position 8. Crude oil combustion 
produces abrasive, carbonaceous particles which are 
deposited on combustion chamber and cylinder 
liner surfaces. The hard, abrasive-resistant face 
of the chromium-plated ring would be expected, 
as demonstrated, to produce but a fraction of the 
wear of the cast-iron ring face. 


Tests with distillate and crude oil 


The chromium face wear with either fuel in- 
creased as engine speed and horsepower rose. The 
greatest difference occurred during idle operation; 
the crude oil, of course, being responsible for the 
higher wear rate. Operation on crude increased 
the chromium face wear rate only about 20% under 
conditions of rated speed and horsepower. 

With distillate fuel the iron side wear rate in- 
creased as engine speed and horsepower rose. When 
crude oil was fed to the engine, iron side wear of the 
chromium-plated compression ring exhibited a 
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Fig. 1—Comparison of ring 
wear with cast-iron and chro- 
mium-plated compression rings, 
using needle valve injectors, 
double-hook control rings, and 
distillate fuel. 
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that shown in Fig. 1, but test 
run with crude oil as fuel. 
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Fig. 3— Comparison of ring 
wear with two types of oil con- 
trol rings. Tests run with 
needle valve injectors on distil- 
late fuel. 
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sharply defined trend in the opposite direction, 
that is, side wear increased as engine speed and 
horsepower decreased. At idle, the iron side wear 
rate was 25 times greater with crude than with 
distillate. 


Oil control ring with distillate 


Using distillate fuel with either cast iron or 
chromium-plated compression rings, the wear rate 
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was lower with spring-loaded, conformable oil con- 
trol rings than with double-hook, oil control rings 
(Fig. 3). The greatest difference occurred at speeds 
of 515 and 675 rpm. However, at rated speed and 
horsepower the spring-loaded oil control rings re- 
duced total compression ring wear about 30% with 
either ring design. 

Results shown in Fig. 3 indicate that spring- 
loaded control rings were responsible for lowering 
the wear rates of both face and side of the cast- 
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Testing compression 
ring wear 


. continued 


iron compression ring. Fig. 4 shows spring-loaded 
control rings to reduce the wear rate of both chrom- 
ium face and iron side of the chromium-plated 
compression ring, however, a greater reduction 
in wear rate was produced in iron side wear. 

One explanation for the wear reduction with 
spring-loaded oil control rings could be that lub- 
ricating oil serves as a vehicle for carbon particles, 
air-borne contaminants, and wear debris in the 
cylinder, and the reduction in oil supplied to the 
compression ring zone subsequently reduced ring 
wear. It could also be explained that carbon formed 
by partial oxidation of lubricating oil was reduced 
when oil supply to the compression rings was 
lowered. In either event, or both, results were ob- 
tained under extremely favorable operation condi- 
tions and need not otherwise prevail. 


Oil control ring with crude oil 


Wear tests with mid-continent crude indicate 
that with either type of control ring, iron side wear 
was greatest at idle (Fig.5). However, the increased 
oil control offered by the spring-loaded rings re- 
duced iron side wear at each throttle position ex- 
amined. Chromium face wear was increased at two 
of the three throttle positions examined wherein the 
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Fig. 5— Similar comparison to 
that shown in Fig. 4, but test 
run with crude oil as fuel. 
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engine was producing brake horsepower. Under 
conditions of rated engine speed and horsepower 
(position 8), the more stringent oil control pro- 
vided by the spring-loaded rings increased the 
chromium face wear rate. 

These results appear to indicate lubricating oil 
to be a vehicle for the carbonaceous particles pro- 
duced in the combustion chamber. The effect upon 
side wear substantiates this observation. Because 
of the abrasive quality of cylinder deposits result- 
ing from operation on crude oil of high residium and 
ash content, the decreased quantity of lubricating 
oil supplied to the cylinder increased chromium face 
wear under the conditions indicated. 


Tests versus railroad operation 


Radioactive wear tests were definitely favorable 
for the cast-iron compression rings which produced 
similar or slightly higher wear rates than chromium- 
plated ones. Under actual railroad operating con- 
ditions, abrupt changes in engine speed and 
horsepower create an environment other than favor- 
able for the piston ring assembly. Cylinder lubrica- 
tion rates, cylinder liner temperatures, piston and 
ring temperature, simultaneously with many other 
variables, are changed and the demand upon the 
compression ring assembly is greatly increased. 
Logically, therefore, the superior wear character- 
istics of the chromium-plated compression ring 
should be more pronounced in railroad operation. 
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Fig. 4— Effect of double-hook 
and spring-loaded oil control 
rings on the face and side wear 
of chromium-piated compression 
rings. Tests run with needle 
valve injectors on distillate fuel. 
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OLAR and nuclear-powered Rankine-cycle tur- 
boelectric powerplants can provide reliable, 

compact, long-life sources of electrical power for 
space vehicles. Development of these systems is 
well advanced in the kilowatt power range. With 
the increased capability of booster systems to place 
extremely large payloads in orbit, a need will arise, 
however, for power systems rated from a few hun- 
dred kilowatts to megawatts. At these high power 
levels, there is a great incentive to operate at a 
higher cycle temperature than now being utilized 
in order to achieve more compact systems having 
lower specific weights. The trend towards higher 
temperatures implies the use of working fluids other 
than the mercury now being used. Fig. 1 presents 
an estimate of the trend in specific weights, power 
available, and cycle working fluid as a function of 
the time the system can be utilized in a space mis- 
sion. 
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The power capability of single units to be utilized 
by 1965 will be less than 50 kw. For example, SNAP 
II will be in operation by 1962-1963. The best of 
these units will have specific weights of about 40 
lb/kw, which limits them primarily to secondary 
power applications. Beyond 1967, advances in ma- 
terials technology and operating experience ob- 
tained from the mercury vapor systems will permit 
the development of potassium systems in the hun- 
dreds of kilowatts power range. The turbine inlet 
temperature of these systems will be about 1800 F. 
These low specific weight units are attractive for 
a wide variety of missions utilizing electric propul- 
sion. For these larger powers, nuclear energy would 
be chosen. Solar energy requires large mirrors that 
are difficult to assemble in space and inhibit ma- 
neuvers. These mirrors become increasingly un- 
wieldy for explorations at great distances from 
the sun. 

Beyond 1970, experience obtained from the op- 
eration of potassium or rubidium powerplants can 
be extended into the development of multimegawatt 
sodium vapor systems operating at turbine inlet 
temperatures higher than 200 F. The development 
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. continued 


of these power systems will result in great mile- 
stones in the exploration of space. 


Conceptual design of 1-mw system 


As an example of an interim turboelectric sys- 
tem, let us consider the one-megawatt nuclear 
potassium vapor power system illustrated in Fig. 2. 
A compact, lithium-cooled, fast reactor is utilized 
as the energy source. A canned motor pump circu- 
lates the lithium, transferring the reactor heat to 
the potassium boiler. Vapor at low quality from the 
boiler enters a two-stage stationary centrifugal 
separator. From here the liquid is recirculated by 
a jet pump through the boiler. The separated 
saturated vapor passes to the turbine. 

To produce one megawatt, four 250-kw hermetic- 
ally sealed rotating units containing turbine, al- 
ternators, and jet-boosted centrifugal condensate 
pump are used. Fig. 3 is a schematic drawing of 
the component arrangements. The maximum prac- 
tical rotating speed, based upon material and elec- 
trical limitations, is 24,000 rpm. This speed provides 
nearly optimum specific weight for the electrical 
machinery, satisfies the aerodynamic needs of the 
turbine, and is satisfactory for specific speeds of 
the pump. By going to multiple units operating at 
higher speeds, the total weight of the turbine-alter- 


Fig. 2— Possible design of one- 
megawatt nuclear electric space 
powerplant. 


nator portion of the system is reduced by 700 lb. 
Another advantage of the multiple unit system is 
that a failure in one unit still permits delivery of 
three-fourths of the power. 

The alternators in each rotating package are 
mounted between the journal bearings, with the 
turbine and the pump cantilevered from opposite 
ends of the shaft. There are three alternators in 
each rotating package—an alternator producing 
250 kw of 1600-cps power, an auxiliary alternator 
producing 2% kw of 400-cps power, and a control 
alternator. The 400-cps alternator provides power 
to drive the motor of the radiator and coolant 
pumps. These alternators, in the relatively cool 
environment between the turbine exhaust and 
pump, are maintained at 800 F by the coolant. By 
maintaining reduced pressure in the gap between 
the rotor and the stator, liquid entering that space 
is flashed to vapor and does not lower alternator 
efficiency. The adjacent bearings are lubricated 
with 1000 F liquid potassium. 

For this system condensation takes place inside 
a compact heat exchanger. The potassium vapor is 
introduced in the heat exchanger tangentially, and 
the passages containing the condensing fluid are 
directed so that a centrifugal force field is created 
within the condenser. 

The 2850 sq ft radiator has a Y-shaped, tube-fin 
configuration. Even though a small weight penalty 
is caused by the reduced radiating effectiveness of 
the Y configuration, this arrangement gives a more 
compact design than a single span. Beryllium is 
used as both the fin material and the meteorite 
shield for the stainless steel tubes. Subcooling heat 
rejection is provided by attaching radiating fins to 
the region between the condenser outlet and the 
pump inlet. 

Six independent sodium circuits transport the 
heat rejected by the condenser to separate sections 
on the radiator. Two additional independent cool- 
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Fig. 3 — Schematic drawing for one-megawatt Rankine-cycle nuclear power system. 


ant circuits are available to permit operation of the 
system at full power in the event of failure of any 
one of the six sodium circuits. These coolant cir- 
cuits can be put into operation simply by supplying 
electrical power to the canned rotor pump when 
overtemperature of the condenser is sensed during 
a failure. 

The use of the eight independent radiator sec- 
tions, two of which are redundant, yields a weight 
savings of 600 lb over an integral radiator. This 
saving is based on a 95% probability of the heat re- 
jection system’s functioning at its design power at 
the end of a year, considering meteorite puncture 
as the failure mode. The use of redundant radiator 
sections reduces the required meteorite shield thick- 
ness necessary for a given probability of successful 
operation. The failure of two coolant circuits still 
permits full design power to be rejected. 

Sodium at 600 F is used to cool the alternators and 
canned rotor pump associated with each 250-kw 
package. Eight independent auxiliary radiators, 
two of which are redundant, are also used. The 
pump for each radiator is driven from the same 
shaft as the main radiator pump. 

The control concept for the megawatt unit is 
strongly dependent upon the load schedule. For an 
ion propulsion device powered by this system, it is 
likely that the load will be held relatively constant 
for the complete mission. Changes in power could 
be scheduled as slow, long-term, continuous changes. 
For missions of this nature, the primary control 
can and should be on the reactor output power. A 
trim control using a parasitic element and dissipat- 
ing a small part of the total load provides for minor 
high-speed load transients. A parasitic alternator 
in the rotating package dissipating its energy in a 
radiative load bank performs this function. 
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For large, rapid load changes, a different concept 
is required. In this case, the more conventional 
powerplant throttle and bypass arrangement com- 
bined with reactor control would be used. Appro- 
priate auxiliaries are employed, such as desuper- 
heater and boiler feed controls integrated into 
the overall controls. Depending on the details of 
the load schedule, turboalternator modules may be 
taken off the line to permit system operation at 
good part-load efficiency for long periods of time. 

Electrical controls for paralleling all the machines 
and for regulating the output voltage are provided. 
Paralleling causes a stiffening of the speed control 
of any one machine, and thereby enhances the capa- 
bility for handling transients developed in the 
power cycle. 

Orbital startup of the machinery can be provided 
and, if required, shutdown and restart auxiliaries 
may also be included for individual units. 

The specific weight of the unshielded one-mega- 
watt powerplant is 5.6 lb/kw. Shielding weight has 
not been included, since it depends on the specific 
mission. A shadow shield can protect the payload 
from direct beam radiation and from induced activa- 
tion of the reactor coolant. 

For a manned vehicle, the shielding required for 
solar bursts and Van Allen radiation must be inte- 
grated with the reactor shield. By locating the 
radiator behind the reactor away from the payload 
and using separation between the payload and 
powerplant, scattered radiation can be minimized. 
In general, it is expected that shadow shielding will 
not be more than 20% of the powerplant weight for 
a manned vehicle. 
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Fig. 1— Distributions of 
maximum tensile stress and 
ultimate tensile strength. 
Once these distributions are 
known the probability of 
failure for any single load 
cycle can be determined. In 
turn, the reliability of the 
component during an over- 
haul period can be found 
from the single-cycle relia- 
bility 
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VEN before hardware is available the reliability 

of a completed paper design can be predicted. 
It is only necessary that the following two statistical 
distributions be available: 


@ Probability density function of 
“strength” of the component. 

@ Probability density function of the maxi- 
mum “stress” the component will experi- 
ence. 


the 


By “strength” could be meant a property of the 
material of which the component is made, such as 
its ultimate tensile strength under specified con- 
ditions like temperature. The “stress” could be the 
maximum tensile stress in the component resulting 
from some load condition. 

Knowing these probability functions of “stress” 
and “strength,” it is possible to find the probability, 
P., that failure will occur in any one load cycle. In 
turn, from the single-cycle failure probability, the 
reliability, R,, of the component for failure-free 
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operation over a certain period of time can be found. 
Cycle is defined here to mean one nominal applica- 
tion of maximum normal operation or design load 
to a component, followed by its release. 


Reliability 

The probability R, that a component will not fail 
during a single cycle is called the single-cycle re- 
liability. It can be computed from the single-cycle 
failure probability by: 


£,=1-P, (1) 


The reliability of the component for a time period 
t, during which n cycles occur, may be expressed by: 


R,=R,* = (1-P.)" (2) 
or: 
R,=1-nP. (3) 


neglecting higher power terms of the expansion. 
The number of cycles used in the above equations 
might be the average number of cycles that occur 
during each overhaul period of the component. In 
many cases this can be estimated by referring to 
service records. The assumptions are that the com- 
ponent has been properly “de-bugged,” and is not 
subject to “infant-mortality,” and that the overhaul 
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period is established to preclude the possibility of 
“wear-out” type failures. 


Single-cycle failure probability 

Suppose an aircraft turbine blade attachment 
section is the subject of scrutiny. The two required 
statistical distributions might appear as in Fig. 1. 
The blade operates in a centrifugal acceleration field 
and is loaded primarily in tension. The resulting 
stress is a function of both engine speed (say take- 
off rpm) and blade geometry. Because finite di- 
mensional and operational tolerances must be 
allowed, the stress level achieved from one take-off 
to another will be distributed about a mean value p,. 
This distribution, f,(s), is the maximum stress prob- 
ability function . . . found by considering “popula- 
tions” of take-offs and of blades. The standard de- 
viation of this distribution is o,. 

The ability of blades to withstand the imposed 
stresses also varies, as indicated by the strength 
distribution curve f.(s), of Fig. 1. The different 
strengths arise from the required allowances in the 
area of metallurgical control. 

When the maximum tensile stress equals or ex- 
ceeds the ultimate tensile strength of the blade 
material, the blade attachment section may be ex- 
pected to fail. If both stress distribution curves 
are known the single-cycle failure probability can 
be estimated as: 


P. f rus: | f.(s)as ds 


Actually the limits of the distribution curves are 
not infinite since there will be a certain stress, S,, 
that will never be exceeded during take-off, and 
some other level, S,, that will always be exceeded. 
Likewise, there is a value, S,, below which the prop- 
erties of the material will never fall. In practice, 
though, no calculable difference occurs when these 
limits are used in place of +a and -«, and there 
is an advantage in using limits of infinity ... many 
cumulative distributions (particularly Gaussian dis- 


tributions) have already been tabulated for these 
limits. 

In critiquing specific designs it is often found that 
both f:(s) and f2(s) can be closely approximated by 
normal (Gaussian) distributions as follows: 

(8 — uw)? 
1 “———_ 


*¢ 


f,(s) ” anes, 


1 
18) = Teneo, 

If s(2) represents “strength” and s(1) represents 
“stress,” the single-cycle failure probability may be 
defined as the probability that s(2) —s(1)=€ shall 
be negative. This difference is itself a normal dis- 
tribution with a mean, un, given by: 


w= My — By 
and standard deviation o, given by: 
0? = 6,7 +6,? 
This distribution, —§, can be expressed as: 


(€—u)? 


' 1 ec 
f(&) = f[s(2) —s(1)] = ————e * 
\V/2x* 6 
The single-cycle failure probability, that is, the 
probability that — < 0 may be found by evaluating 
the single integral: 


P22 | T(§)dé 
which is readily found in statistical tables. 


Probability density functions 


The “strength” distribution or probability density 
function can usually be determined by laboratory 
tests on a limited number of randomly selected 
specimens of the raw material. A typical example is 
shown in Fig. 2, where the results of 44 pull tests on 
randomly selected specimens of Haynes Stellite 30 
material are plotted. Also shown is the normal 


SAMPLE DISTRIBUTION 
APPROXIMATING NORMAL 


PROBABILITY DENSITY 


74,000 75,000 
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Fig. 2— Ultimate tensile strength 
distribution-Haynes Stellite 30 ma- 
terial at 800 F. Data such as this 
is relatively easy to come by... 
these being obtained from pull tests 
on randomly selected specimens. 
The fact that, in this case, the dis- 
tribution closely resembles a normal 
distribution makes the mathemati- 
cal manipulations for calculating re- 
liability easier. 





Predict reliability first . . 
build it later 


. . continued 


(Gaussian) probability density function having the 
mean value and variance computed for the actual 
sample. Because of the similarity of these curves 
the inferred sample distribution can be treated as a 
normal distribution, making the handling of the 
problem easier. 

More difficult to obtain is a good approximation of 
the “stress” distribution, since so many factors affect 
it. Returning to the case of the turbine rotor blade, 
the stress (neglecting possible stress concentration) 
at a section A is a function of: 


V = Volume of blade outboard of section A. 
Radial distance from center of rotation 
to center of gravity of V. 

» = Take-off angular velocity of the turbine 

rotor. 

Length and thickness of section A, re- 

spectively. 


aand b 


since: 
P_ pVrTw? 
S - 

A ab 
and p is assumed to be constant. It is first necessary 
to have some knowledge of the distributions of these 
independent variables in order to find the stress 
probability density function. 


(4) 


(J (rad/sec) 
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Fig. 3 — Histograms representing distribution of independent varia- 


bles upon which the stress function depends. These distributions are 
needed in order to find the stress probability density function. 
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Each of the above independent variables is limited 
in range by blueprint manufacturing tolerances or 
operating instructions and techniques. Within the 
range the values are distributed in accordance with 
a probability density function peculiar to the partic- 
ular variable. From these individual distribution 
curves for the variables the stress probability func- 
tion can be determined. 

The probability density function of the independ- 
ent variables of equation (4) can often be ascer- 
tained from the design, in the light of previous man- 
ufacturing and operating experience. Thus, a and b 
are dimensioned between parallel machined and cast 
surfaces, respectively. In all probability, quality 
control records will suffice to identify the distribu- 
tion characteristics of such dimensions, as a func- 
tion of blueprint specifications. The same consider- 
ation would apply to V and r. Field service records 
usually suffice to identify distributions like o. If 
past records cannot point out the distribution of any 
particular variable, similarly dimensioned and proc- 
essed parts should give a clue to the desired proba- 
bility density function. 

Once these distributions are obtained they may be 
represented as histograms, like those shown in Fig. 
3, and used to give the stress at section A. This is 
done by randomly selecting values from each histo- 
gram, and substituting into the stress equation, 
equation (4). The values to be substituted could be 
the weighted mean of each chosen subinterval. A 
Monte-Carlo method has been developed, permitting 
the repeated calculation of such multi-variable 
functions. In effect, different take-offs or “single- 
cycles” of operation are simulated by this process, 
and the resulting stresses computed. 

Of course, it is also necessary to determine the 
probability of occurrence of any of the stress values 
that are computed. This too can be done from the 
information in the histograms. Note that each sub- 
interval of a histogram may be assigned a relative 
probability number or weighting factor. To find the 
relative probability of the computed stress values 
the weighting factor of each subinterval used in the 
particular computation comes into use. By multi- 
plying all of the weighting factors together, the 
weighting factor for the computed stress is deter- 
mined. From these random samples of stress (each 
sample being appropriately weighted) the distribu- 
tion of the computed stress function may be inferred 
by constructing a histogram over the range of the 
sample values. The heights of the histogram rec- 
tangles are proportional to the sum of the associated 
probability weighting factor of the stress values fall- 
ing within the individual class intervals. 

If, as is often the case in designs for new applica- 
tions, the load ( in the above case) probability den- 
sity function is hard to determine, the same Monte- 
Carlo method can be used to find it. 

For example, if » had to be determined, equation 
(4) could be written as: 


Sab\} 
(i 
Vr 
Here » would represent the “minimum failure load,” 


and S would be the ultimate tensile strength of the 
blade material. 


To Order Paper No. 343A ... 


from which material for this article was drawn, see p. 6. 
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Pros and Cons 


of Coupled Semitrailers 


Based on paper by 


Robert L. Douglas 


Eastern Express, Inc. 


XPERIENCE with the coupled semitrailer indi- 

cates that its use will facilitate the handling of 
freight and lower cost of operation. It is an ex- 
tremely versatile piece of equipment and can be 
used as: 


e A city pick-up and delivery trailer. 

e A 40-ft tandem axle or single axle trailer. 

e Double combination of a tractor-semitrailer and 
full trailer. 

e Container on a flatbed or otherwise equipped 
straight truck. 

e Two containers on a flatbed or otherwise 
equipped semitrailer. 

e Piggy-back on rail cars. 

e Containers on flat cars. 

e Stacked in cellular loading, placed side by side, 
or end to end on shipboard for Fishy-back trans- 
portation, storage, or warehousing. 


Coupled semitrailer advantages 


The coupled semitrailer makes possible loading 
at the origin terminal for direct shipment to the 
consignee. When it arrives at the destination ter- 
minal, it isn’t necessary to back up to a terminal 
dock. The units are uncoupled and tractors are 
coupled to the two 20-ft semitrailers, ready for de- 
livery. Obviously, there is less handling of the 
freight and the chances of damage and pilfering 
are lessened. Each of the semitrailers has a single 
axle and running gear, landing gear, rear doors, 
lighting and braking systems. Coupling and un- 
coupling is effected through folding kingpins, slid- 
ing running gear which will travel the entire length 
of both vehicles, and quick-coupling connections 
for both brakes and lighting. Rear bumpers are re- 
movable to meet ICC requirements. 

The ability to ship freight without handling it 
at the terminal dock in a major city means a 
substantial savingin cost. The average cost for han- 
dling 100 lb of freight is 25¢; therefore, if a semi- 
trailer load weighs 30,000 lb, the avoidance of han- 
dling brings a saving of $60. About 10% of Eastern 
Express’ business could be handled in this manner 
and that would mean a saving of $347,967 and turn 
a loss into a profit. 
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Disadvantages of equipment 


There are disadvantages to balance against the 
advantages of semitrailer use. For example, the 
number of deliveries and pick-ups a driver can 
handle in a given number of hours depends on the 
size of the zone and the number of stops made. 
A 20-ft semitrailer filled with freight for one zone 
may contain more than can be handled in a singl« 
work day. If freight has to be brought back to the 
terminal, delivery costs are doubled and customers 
are dissatisfied. Moreover, unless the freight is 
loaded in delivery sequence, the driver will wander 
erratically all over the zone to make deliveries. 

The costs of two coupled semitrailers equals that 
of three standard 40-ft dry freight vans, or half as 
much again per semitrailer. Thus, there is a greater 
investment to start with. The units weigh 2500 lb 
more than the standard 40-ft vans, so the payload 
will be 2500 lb less. Furthermore, each 20-ft semi- 
trailer must be licensed as a semitrailer, so the 
costs are doubled and finally, there are the un- 
known costs of maintenance —errors made by 
personnel when uncoupling or coupling the units, 
and tires for two separately sprung axles. 


Flexibility as an advantage 


The coupled semitrailer works very well with an 
X-shaped system. For example, Cincinnati and 
Dayton may each generate a half load for Baltimore 
and a half load for Trenton. Each would dispatch 
a coupled semitrailer containing a load for Balti- 
more and for Trenton, scheduling departure so that 
both semitrailers would arrive at the control station, 
located at the X of the system, as nearly as possible 
at the same time. The units would then be un- 
coupled and recoupled to consolidate the halfloads 
into the full loads and the full loads would be on 
their way to Baltimore and Trenton. 

This procedure enables freight to be moved out 
of terminals on a daily basis without delay other 
than that normally occasioned by a stop at a con- 
trol station. The absence of special handling re- 
duces cost; dispatches are more frequent, and the 
costs and delays incident to dropping or breaking 
bulk shipments en route are eliminated. 


To Order Paper No. 358D .. . 
from which material for this article was drawn, see p. 6. 
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Service —Free—For— 


Paul P. Thomas 


Products C 


ERVICE-FREE FOR LIFE automotive chassis- 

suspension and steering systems are a logical 
and inevitable advance in the automobile’s parade 
of progress. 

Over the years, points of lubrication have gradu- 
ally diminished until, at present, steering linkage 
systems requiring no service maintenance, and sus- 
pension systems requiring service after extended pe- 
riods of 30,000 miles, are in use on several 1961 mod- 
els. 

The development of maintenance-free chassis 
pivots has covered a wide gamut of materials and 
processing, from sintered metals utilizing special 
greases, to bearing surfaces constructed from fabric 
woven from fibers of thermoplastic resins. 


Production trends 


Suspension and steering linkage design and load 
characteristics play a large part in what the de- 
signer may use. or with which he must be satisfied, 
in his desire to eliminate service lubrication. 

The production trend to date has been such that 
design requirements allow the use of slightly modi- 
fied conventional suspension ball joints with im- 
proved external seals, special greases, and a means 
for lubrication, should the need arise. 

The steering linkage assemblies may be realisti- 
cally termed a service-free-for-life system, according 
to those currently using these items. Although some 
of the ball pivot assemblies are equipped with a 
means for service lubrication, this is merely an in- 
expensive safeguard in case of seal failure. 
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suspension and 


—Next step in the automobile’s 


Pivot materials and lubricants 


Current production systems utilize one or more 
of the following: 


1.Hardened steel-on-steel bearing ele- 
ments, special lubricants, and a fixed 
bellows type seal. 

.Sintered metal riding on a hard steel 
bearing insert, special lubricants, and a 
fixed bellows type seal. 

.Sintered metal riding on a hardened 
steel bearing insert, special lubricants, 
and a special sliding type seal. 

. Hardened steel riding on a thermoplastic 
(nylon or Delrin) insert, special lubri- 
cants, and a positive type external seal. 

5. Compressed rubber on steel. 


The lubricants used are special greases contain- 
ing a minimum of 1% molybdenum disulfide in the 
2-5 micron particle size. This differs from con- 
ventional chassis grease in that it can stand higher 
loading pressures, has a higher resistance to de- 
terioration caused by oxidation absorption, and has 
a high resistance to washing and water absorption. 

The hardened steel elements range from a Rock- 
well C-50 to C-60 with a good case depth, and the 
sintered iron elements include a small percentage 
of copper for lubricity. 

Both neoprene and urethane rubber are used in 
the fixed bellows or sliding cup-shaped type seals 
currently in use. 

Rubber, too, has been playing an increasingly im- 
portant part in the automobile’s parade of progress 
and, as related to suspension and steering com- 
ponents, falls into two categories: 


1. Compressed rubber and Silentbloc types 
which are dependent upon high rubber- 
to-metal friction for their satisfactory 
performance; 
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Life 


steering systems 


parade of progress? 


2.Elastomeric bearings with rubber-to- 
metal sliding surface. 


The compressed rubber pivot, used successfully 
where low working angles are present, is based on 
the principle that rubber is a highly viscous fluid 
and that pressure on a shoulder produces hydro- 
static pressure throughout. An exposed bulge area 
acts as an accumulator to maintain the internal 
pressure; however, there is relatively low energy 
storage due to limited rubber deformation. 

The Silentbloc pivot has a much higher hydro- 
static pressure (500-600 psi) and doubles the slip 
angle of the compressed rubber type. Typical rubber 
wall compression is 50% or 100% elongation, and 
under this degree of deformation has the unusual 
property of reduced shear modulus. Shape and con- 
finement are important factors and within limita- 
tions, doubling the length-to-rubber wall ratio will 
double the flex life. 

The sliding rubber-to-metal type pivot provides 
radial, axial, and conical freedom without the tor- 
sional windup forces found in the compressed and 
Silentbloc types. This is accomplished by having a 
system of high and low pressure areas and seals in 
which the low pressure areas serve as lubricant res- 
ervoirs with the high pressure areas carrying the 
load. Lubricant is supplied to the high pressure 
areas by simple wiping action and supplemented by 
a pumping action through deformation of the 
rubber under normal shock loads. By changing the 
number and stiffness of the high pressure areas, a 
wide range of radial stiffness can be obtained to 
suit specific requirements. This can be done with- 
out concern for the angular capacity of the bearing. 

Although considerable time and effort have gone 
into programs in quest of the ultimate in bearing 
materials and methods of construction, both the 
automobile manufacturers and suppliers have been 
restricted somewhat by existing equipment, proc- 
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essing various details of assemblies, and component 
cost. 


Controversial areas 


With both the development and production field 
experience that exists today, there still remain 
areas of uncertainty and disagreement among those 
concerned with service-free-suspension elements. 

Depending upon the bearing element, the running 
surface may have a maximum microfinish of 50. 
However, smoothness is perhaps more important 
than a specific microfinish. Coating or plating of 
the running surface is another feature that is de- 
pendent on the bearing element and joint design. 

Variations in existing seal designs stem from 
allowable space and opinions of what will do the 
job. More than 10% seal swelling will create loss 
of seal fit in the positive-type external seal in which 
the ball stud shank pivots in the seal throat. Re- 
gardless of design, materials used, or degree of 
lubrication, a durable positive-type external seal is 
an absolute necessity on suspension or steering 
linkage ball pivots to avoid joint failure. 

Humidity affects some plastic elements more than 
others. However, allowances can be made to com- 
pensate for the resulting growth. To date, ultimate 
failure of a service-free component has been avoided 
due to the alarm system built into each joint. An 
objectionable squeaking noise lets the driver know 
that something is amiss, and corrective action may 
be taken. 

There are many factors involved between the de- 
sire to have a service-free-chassis system and its 
application. However, those concerning perform- 
ance and durability include: 


1. Material compatability 

2. Friction characteristics 

3. Severity of loading 

4. Degree and type of lubrication 

5. Protection against corrosion and foreign matter 


Although definite stands have been taken by 
various automobile manufacturers concerning spe- 
cific components currently used in production, there 
is a wide range of opinions on what is necessary 
to cover the service-free-chassis system adequately. 
However, one point seems to be unanimously ap- 
proved by all concerned, and that is what the uwiti- 
mate in a service-free suspension and steering 
component should have in the way of character- 
istics: 


1. Self lubrication 

2. High load capacity 

3. Low and consistent coefficient of friction 
4. Controlled preload 

5. Zero stick slip 

6. Motion damping 

7. Long life without maintenance 


SERVING on the panel Steering and Suspension 
Joints Requiring No Service Lubrication, in addition 
to the panel secretary, were: panel leader F. C. 
Matthaei, Jr., American Metal Products Co.; E. J. 
Herbenar, Thompson-Ramo-Wooldridge, Inc.; P. B. 
Ziegler, GMC; M. P. Baker, GMC; R. T. Drake, 
Clevite-Harris Products, Inc.; F. C. Cowin, GMC; 
C. F. O’Shea, Ford Motor Co.; S. O. Wahamaki, 
American Motors Corp.; and J. E. Collier, Chrysler 


Corp. 
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Don't Get Stuck! 


Ce TUNOOUANUUOOEEUUUOORRAAODORENNTOOAONDOOEEGAN 


Design so your adhesives stick 


Contact areas and loads are important considerations. 


Case histories illustrate new applications. 


M. E. Lerner 
“Adhesives Age” 


UCCESSFUL APPLICATION of adhesives often 

depends on proper design of the joining sur- 
faces. Design should provide geometrical configura- 
tions with as large contact areas as possible. In 
this way you get maximum strength. Joint loading 
also is an important design consideration. 

With metal-to-metal combinations, the entire 
joint is stressed when designed properly. Sufficient 
faying surface area must be designed-in for best 
joint geometry. Then an adhesive selected that will 
perform best under the type of stress to be en- 
countered. But, the adhesive which produces the 
strongest bond in tension or shear will not neces- 
sarily yield the highest strength in peel. 

With tensile or shear loading, the more rigid ad- 
hesive offers the greatest strength. However, when 
the joint will be subjected to flexure and shock 
loading, a compromise in ultimate strength must be 
made to obtain resiliency for withstanding the 
dynamic loading. 

Peel-loaded joints are stronger if the adhesive 
has some elasticity. When a brittle adhesive is used 
on a peel-loaded joint and the load is stressed to the 
critical point, the bond will fail. Elastic adhesives 
are superior in peel because in stretching under 
stress, they tend to widen the line at the load-carry- 
ing edge. This in effect distributes the load over 
a larger area. 

Dissimilar metals with wide difference in coeffi- 
cients of expansion can present a problem if the ad- 
hesive selected for use is not sufficiently elastic. A 
brittle adhesive may develop great internal stresses 
as changes in temperature occur. These stresses 
may become strong enough to destroy the bond or 
warp the assembly. 


Design for the load 


In designing metal-to-metal joints for adhesives, 
fouf types of loadings must be considered — tensile, 
shear, cleavage and peel. 

If a joint is loaded only in tension, the forces act 
in a direction perpendicular to the plane of the 
joint. With this type of loading, however, two 
things can happen while the joint is under high 
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stress which can alter the magnitude and direction 
of the resultant forces. The forces may not remain 
perpendicular to the plane of the joint, or one or 
both of the adherents may tend to bend or twist 
where thin sections are involved. In either case, 
it is possible for the forces to resolve themselves into 
cleavage or even peel which will impose severe 
localized loading on a joint designed for uniform 
tensile loading. 

Care must be exercised in making tensile-loaded 
joints with adhesives to achieve uniform strength 
over the entire faying area. Any area of low 
strength, particularly if located near the joint edge, 
can readily induce a condition resembling cleavage 
and invite rapid failure. 

With shear loading, the stress direction is parallel 
to the plane of the joint. Where possible, joints 
should be designed for shear loading, since it is the 
most efficient and most reliable type of joint for 
adhesive bonding. In metal-to-metal bonding, 
however, there are two factors which can impair 
the strength of shear loaded joints: 

First, if the metal adherents are completely rigid, 
an element of cleavage is induced as stress is applied. 
Second, when the joint sections are thin, the metal 
may progressively deform under severe loading until 
the edges are subjected to peel stress. Fortunately, 
joints can be designed to balance out both of these 
factors. 

Where cleavage loading is concerned, the forces 
react somewhat differently. The action is similar 
to that of opening a book. As the force is applied, 
one near edge of the joint undergoes great stress, 
whereas the remainder is under little or no load at 
all. The mechanics involved are similar to those 
that would be prevalent if one side of the joint were 
hinged. Not all of the adhesive in the joint is con- 
tributing its full share of strength. Thus, a cleav- 
age-loaded joint cannot be as strong as a joint of 
the same area under tensile or shear loading. 

Peel loading is the least favorable situation of all 
from the standpoint of strength. Here the adhesive 
contributes even less to strength than in the cleav- 
age joint. All the stress is concentrated along a 
fine line at the edge of the joint, and the major 
portion of the adhesive in the joint is under no load 
whatsoever. Consequently, this small portion of the 
total bonded area will support only a fractional 
amount of the load that the entire joint area could 
carry if the load were applied differently. 


SAE JOURNAL 





Adhesives are not suited to butt joint design. 
When two metal rods, for example, are butt jointed 
with an adhesive, any bending of the rods resulting 
from leverage will exert tremendous cleavage forces 
on the joint resulting in joint failure. Strap and 
scarf joints are fair. Lap joints, whether single, 
joggle, half or double, are good. Double strap joints 
give excellent service. Beveled lap and beveled 
double strap joints give the best performance, and 
should be utilized whenever design permits. 

Practically, it is almost impossible to achieve a 
joint in which stresses are entirely tensile, shear, 
cleavage, or peel. Usually, there is a combination 
of stresses acting on the joint. Therefore, each 
joint must be designed to withstand the experienced 
stresses. Joint design for adhesives requires careful 
planning where maximum strength is a critical 
factor. 


Case histories 


The ability of adhesives to improve product de- 
sign can be put to use in even the most established 
industries. Recently, one company started produc- 
ing sails in which critical areas were bonded rather 
than sewn. To provide built-in “draft control” they 
substituted neoprene tubing bonded within a long 
nylon covering sheath for the conventional bolt 
rope that extended vertically along the luff of the 
mainsail. Since sails are made up of sailcloth strips 
sewn on the bias, the tautness of this new elastic 
tape influences the curvature of the entire sail. 
The result is improved control to take full advantage 
of both light and heavy winds. 

High strength epoxy resin adhesives and phenolic 


modified elastomers are being used to bond alumi- 
num cooling coils to the sheet aluminum of home 


freezers. Use of adhesives circumvents the narrow 
temperature differential between brazing and melt- 
ing temperatures. Bonding also reduces the possi- 
bility of warping and buckling and eliminates the 
chance that unremoved flux may produce corrosion. 

Since the adhesive here acts more as a thermal 
insulator than as a conductor, the bonding must 
provide substantial metal-to-metal contact be- 
tween the tube and sheet. Tube design is altered to 
permit the use of sufficient pressure to partially 
collapse the tubing and squeeze practically all the 
adhesive out of the contact area. The adhesive 
after curing appears as a fillet at the sides of the 
tube. 

Manufacturers of office furniture are using 
thermoplastic bonding of curtain wall sandwich 
panels to speed production assembly of linoleum- 
topped desks. 

One company has reaped benefits in both design 
and production by using adhesives to bond small 
pinion gears to rotor shafts in the production of 
timing gear assemblies. Previously, the pinion 
gears were brazed to the shaft. This method often 
distorted the gear configuration or effected metal 
hardness due to the high temperatures needed for 
brazing. 

By switching to a one-part epoxy formulation, 
they have eliminated part distortion and have been 
able to modify part design so as to cut out a second- 
ary operation previously required. The result is not 
only an estimated saving of $56.37 per thousand 
assemblies by reducing rejects, but the elimination 


JULY, 1961 


of a tedious and expensive labor operation. 

Lightweight metal containers are used by the 
Army to store and ship complex electronic instru- 
ments and complicated mechanical gear of varying 
sizes. To prevent large inventories of the many 
different sizes required, one manufacturer has de- 
veloped a “modular packaging system” based on the 
principle used in erector sets. The entire container 
is designed to be assembled by adhesive bonding. 

The containers consist of slotted aluminum ex- 
truded frames with stressed aluminum side sheets 
in a tongue-and-groove design. The extrusions are 
adhesive bonded, by means of corner castings, to 
form the container framework. The sides of the 
container are then bonded into the extrusion 
grooves. 

Because adhesives produce continuous bonds, the 
stress loads in the unit are evenly distributed over 
the entire jointed area. This permits joints of 
greater strength and rigidity with lighter gage ma- 
terials. 

Not only are adhesives helping to introduce new 
materials — such as the non-woven fabrics — but 
they are bringing about a rediscovery of old ma- 
terials that had fallen into disuse. Wood, for 
example, is once more becoming an important 
structural material and there is no limit to the in- 
dustrial horizon for laminated wood timbers, made 
possible by the development of synthetic resins and 
the advent of waterproof adhesives of the melamine- 
resorcinol-phenol resin’ types. Glue-laminated 
wood arches with clear spans of over 250 feet have 
already been used in building. Nonmagnetic ships 
of blue-laminated timber construction, such as 
minesweepers, play an important part in our na- 
tional defense. Since the procurement of large, 
solid wood members has not been practical for some 
time, glued-laminated construction has not only 
served as a substitute, but established some obvious 
new potential in design. 

There is another interesting angle with regard to 
proper design for adhesives, in that sometimes a 
bonding problem can be solved by changing the 
adherend rather than the adhesive. In one case 
the bonding problem involved the adhesion of neo- 
prene sponge to a polyester resin surface. All of 
the adhesives tried failed to do the job to the satis- 
faction of the manufacturer. By switching from 
the neoprene sponge to a silicone rubber sponge, 
the problem was solved. In this instance, of course, 
the sponge materials involved both gave the same 
service characteristics required. 

Another example concerns a manufacturer of 
pumping equipment. Previously one of the comp- 
licated pump parts was cast in a single piece by the 
sand mold process. However, because of the com- 
plex interior design of the casting, blow holes often 
occurred and resulted in a rejection rate of as high 
as 25%. A change in design was called for. In 
seeking a solution, the manufacturer began casting 
the piece in three parts. Now he had the problem 
of assembling these parts by the most efficient 
method. Mechanical fastening would require lugs, 
bolt holes, and flanges on the parts. Brazing tech- 
niques tried sent costs up since only temperature- 
resistant alloys could be used. By adopting an ad- 
hesive technique, the manufacturer was able to 
take advantage of equally serviceable, but less ex- 
pensive casting materials. 
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Integral 


frame structure 


is for small car 


Fig. 1 — Mercedes has resorted to an isolated subframe which mounts 
the front suspension and engine plus full integral frame construction. 


New separate frame technology offers many 


advantages for over-100-in.-wheelbase cars. 


ed on paper by 


Ww. G. Pierce 


th Cor 
~Orp 


HERE are real differences between the separate 

frame and integral frame construction which 
have been entirely overlooked. The most notable of 
these are in the matter of isolation of vibrations, 
stiffness of structure, adaptability to various body 
models, and weight. 


Isolation 


Vibrations are generated by all moving parts as 
well as by suspension behavior. As exciting fre- 
quencies phase into resonance with body paneling, 
vibrations are amplified to cause objectionable noise 
or harshness periods. These resonant vibrations 
can be attenuated by the use of damping materials, 
or by altering the panel’s natural frequency. How- 
ever, the most effective control is to reduce trans- 
mission to the passenger compartment — by isola- 
tion. 

Isolation can be achieved with integral under- 
structure, but it is usually expensive and often in- 
complete. The Mercedes 190 and 220 series are fine 
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examples. However, Mercedes has resorted to an 
isolated subframe which mounts the front suspen- 
sion and engine plus full integral frame construc- 
tion (Fig. 1). 

In many cars of integral construction the pro- 
peller shaft and exhaust system are not adequately 
isolated. This means lower quality in some popular 
priced cars. With premium priced cars, where qual- 
ity must be maintained, expensive measures are em- 
ployed to get adequate isolation. Often the rota- 
tional parts must be balanced to much closer 
tolerances than needed with isolation, and this is 
expensive. Whether or not isolation of suspension 
is attempted with integral structure, it is almost 
mandatory to use costly and heavy sound-deaden- 
ing materials more extensively. 


Structural stiffness 


When a frame is attached rigidly to the body floor, 
stiffness does increase somewhat, together with 
harshness and noise. This is because the super- 
structure of integral frame cars must be designed 
for heavier loading. Pillars, roof rails, windshield 
headers and other items are invariably of heavier 
section, and sheet metal is designed particularly to 
distribute loads into these members. 
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Fig. 2— Structural influence on car weight — 1960 4-door hardtops — 
no compact cars included 


Whenever body structure of this design is used 
with a separate frame, comparable stiffness results. 
Then why isn’t more rigid superstructure used with 
separate frame cars? There are several reasons. 

Since the frame engineer has stronger, heavier 
gage members to work with, together with complete 
freedom to select the best type of welding or riveting, 
he knows that the separate frame will give a greater 
constancy of performance over the years. Light 
gage integral structure, married as it must be to 
spot welding, is more subject to deterioration from 
corrosion and fatigue. Integral frame cars, there- 
fore, must have special protection against corrosion 
and, consequently, a higher initial stiffness is de- 
sirable. 

Stiffness is not an end in itself. It is a variable 
that must be proportioned with respect to other 
variables in developing optimum dynamic perform- 
ance. With his wholesome desire to reduce shake 
amplitudes, the engineer can never lose sight of the 
fact that an automobile is a complex mass-spring 
system. It is not sufficient nor desirable to design 
an arbitrarily high stiffness into car structure. 
Deflection rates must be balanced with damping 
characteristics, input loads and frequencies, and 
physiological factors in developing the most pleasant 
ride. 


Versatility 


The separate frame is more adaptable to extreme 
and frequent style changes. Moreover, optimum 
performance can often be obtained without altera- 
tions to the body structure. This is fortunate be- 
cause changes to the body are usually expensive 
and time consuming. 

With its inherent advantage of design and manu- 
facturing flexibility, the chassis frame is highly 
adaptable to the variations between body models, 
wheelbases, and yearly changes. 


Weight advantages 


Integral frame construction is widely believed to 
be lighter in weight than separate frame construc- 
tion, presumably because of the lighter gage struc- 
ture. Actually, this is a misconception. 
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Fig. 3 — Structural influence on car weight — 1960 4-door hardtops — 
eight compact cars included. 


A study of most of the 1960 American cars (com- 
pacts intentionally excluded) with a few European 
small cars added to define the lower portion of the 
curves (Fig. 2), shows almost every separate frame 
car to be lighter in weight than its counterpart in 
size with integral construction. Furthermore, the 
advantage of the separate frame increases with car 
size. In every case where a specific model was 
changed from separate to integral construction, 
weight rose. Of course, other goals may have been 
changed at the same time. 

The weight difference may be more than a chance 
occurrence. In the first place, the integral frame 
car needs more sound-deadening material. Again, 
light, unstable members fail to realize their theo- 
retical potential and must be reinforced with web- 
bing, doublers, and gussets. As car size is reduced, 
section sizes become smaller and more stable until 
a cross-over point is reached where light gages are 
efficient again. This point is near a 100 in. wheel- 
base. 


Low weight with separate frame 


When eight new American compacts were in- 
cluded in the aforementioned study (Fig. 3), weight 
differentials of as much as 1500 lb were found to 
exist within a narrow range of wheelbase. How 
much of this low weight in new cars is due to better 
engineering design and how much from a sacrifice 
in structural rigidity? Some of both may be present, 
but probably a major reason was setting low weight 
as a goal for many of the new compacts. 

Setting a similar goal of low weight, we have been 
able to replace integral structure with isolated 
frame structure to effect a saving up to 200 lb on 
larger cars. 

By starting afresh and taking full advantage of 
lighter materials, uncompromised design, and 
newest techniques, engineers were able to hold to 
a minimum weight all compact components. Had 
the latest separate frame technology been used, 
with all factors being equal, these same cars could 
have been produced with equal or less weight and 
with better isolation. 
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Plasma Arc—New Fabricating Tool 


Electrical process cuts, plates, and welds 


metals. 


-by R. L. O’Brien 


NCREASING USE of nonferrous and reactive 

metals has emphasized the need for a process to 
cut and form these materials, much as the oxyacety- 
lene flame cuts carbon steel. Development of the 
plasma arc cutting process fills this need. 

Plasma arc cutting uses electrical energy to attain 
melting temperatures, rather than the chemical 
reaction of oxy-fuel gas cutting. With both proc- 
esses, however, the removal of molten metal is done 
by high-velocity jets of gas. A plasma arc cuts 
any good electrical-conducting material; the chemi- 
cal flame cannot be used to cut materials such as 
aluminum, which form a refractory oxide when 
heated and exposed to oxygen. 


Process description 


Plasma are cutting uses a highly constricted arc 
between a tungsten electrode and the workpiece. 


Fig. 1 — Plasma arc cutting is 
achieved by a highly constricted 
arc between a tungsten elec- 
trode and the workpiece. The 
arc heats a localized zone of 
the work to its melting point. 
The high velocity gas pet pro- 
jected with the arc helps to 
transfer heat to the work and 
serves to remove the molten 
particles of the workpiece. 


Provides research with high temperatures 


and high-velocity gas streams. 


The arc heats a localized zone of the work to its 
melting point. The high velocity gas jet projected 
with the arc from the torch helps to transfer heat 
to the work and serves to remove the molten par- 
ticles of the workpiece. 

The plasma arc cutting torch is somewhat similar 
to an inert-gas tungsten-electrode welding device 
(Fig. 1). The main physical differences are the 
arc-constricting water-cooled nozzle and the pilot- 
are circuit. 

The pilot arc is established between the tungsten 
electrode and the metallic nozzle. Its function is 
to maintain an ionized gas zone at the torch nozzle, 
to facilitate starting the main cutting arc. 

The arc is constricted by squeezing it through a 
small orifice. Fig. 2 shows the difference in arc 
temperature distribution that results from localizing 
the arc. A normal “open” unconstricted inert-gas 
tungsten arc is shown on the left. The arc is cone- 
shaped, fanning out to cover a relatively large sec- 
tion of the workpiece (anode). The arc voltage 
was 14.5 v, and the current 200 ampd-c. The shield- 


TUNGSTEN 
ELECTRODE 
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ing gas was argon flowing at 40 cu ft/hr. 

At the right of Fig. 2 is an arc of the same current, 
gas flow, and electrode-to-work distance constricted 
by a 3/16 in. diameter nozzle. This constriction 
doubles the arc voltage and increases the tempera- 
ture of the workpiece about 30%. 

To get some idea of the power concentrations 
available with plasma are devices, consider a typical 
plasma arc cutting condition of 500 amp at 120 v 
with a gas flow of 100 cu ft/hr. About 60 kw are 
delivered through the nozzle. This would give a 
power concentration of over 3 megawatts/sq in. for 
a 5/32-in. diameter nozzle. 

Various gas mixtures produce good cutting re- 
sults. Most widely used is a mixture of 65% argon 
and 35% hydrogen. For certain applications, either 
nitrogen or a mixture of nitrogen and hydrogen has 
proven satisfactory. When using nitrogen-bearing 
cutting gases, however, special ventilation is needed 
to prevent the accumulation of toxic vapors. 


Transferred and nontransferred plasma arcs 


Two types of plasma arc torches are available: 
transferred arc and nontransferred arc. Fig. 3 
shows the difference between these torches. The 
transferred arc torch uses the workpiece as the 
anode; the arc is “transferred” from the tungsten 
cathode to the workpiece. This type of torch is 
used on an electrical-conducting workpiece. 

The nontransferred arc torch uses its own nozzle 
as the anode. The arc is forced into the nozzle by 
the gas flow and then either ends inside the nozzle, 
or leaves the torch and returns to the outside sur- 
face of the nozzle. Here, the usefulness of the 
torch is obtained from the hot ionized gases which 
emit from the nozzle. The workpiece is electrically 
insulated from the arc circuit, and may be a non- 
conductor. 


Plasma arc cutting 


Best results have been obtained with the trans- 

ferred arc type of torch. Major areas of application 
include: 
Nonferrous Materials — Plasma are can cut alumi- 
num plate up to 5 in. thick, stainless steel to 4 in., 
and copper, magnesium, and many other metals to 
comparable thicknesses. 

Data show that plasma arc cutting is more than 

10 times faster than mechanical methods on % in. 
aluminum. Bevels and J-grooves can be cut. Stack 
cutting of thin aluminum sheets by plasma arc is as 
simple as conventional stack cutting of thin gage 
steel. The plasma arc process is being used to re- 
move gates and sprue from at least one die-cast 
aluminum transmission housing. 
Stainless Steel— Plasma arc can be used to cut 
stainless steel. The slag which forms at the bottom 
of the cut edge on very thick plate can be removed 
by chipping or grinding. Or, it can be eliminated 
by placing a carbon steel waster plate under the 
workpiece to collect the slag. High gas flow rates 
and high cutting voltages will minimize slag for- 
mation. 

Nitrogen is effective in minimizing slag too, and 
can be used as the cutting gas instead of the argon- 
hydrogen mixture. But, adequate ventilation must 
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Fig. 2— Effect of arc constriction on temperature and vo:tage. 


Fig. 3 — Transferred and nontransferred plasma arc torches. 


Fig. 4— Experimental nontransferred arc torch used in metal-coating 
applications. 
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Plasma Arc— 


New Fabricating Tool 


. continued 


be supplied because of the health hazards associ- 
ated with the formation of nitrogen oxides. 

High cutting speeds were needed to remove some 

stainless steel piping in the propulsion system of an 
atomic submarine. Radioactive materials were 
present in the system and the workmen could stand 
only brief exposure to the radiation in the compart- 
ment from which the piping was to be removed. To 
get the submarine back into service as fast as possi- 
ble, plasma arc cutting was selected for the job. 
Several teams of cutting operators were trained 
to use manual cutting apparatus. Each team 
entered the compartment in turn to remove piping 
during the specified exposure time, and completed 
the job in far less time than required by any other 
method. 
High-Strength Alloys — High-nickel and high-co- 
balt alloys are similar to stainless steel in cut 
quality. Results are good with high-strength alloys 
Rene 41 and Hastelloy B. 

A cutting speed of 10 in. per min was attained on 
2-in. thick Rene 41 using 700 amp at 120 v and 200 
cu ft/hr of 65% argon-35% hydrogen gas. 

In another application, 14-in. diameter Hastelloy 
B pipe with a 2-in. wall was cut at 15 in. per min 
using essentially the same cutting conditions. It 
would have taken 16 hr to do the job using an abra- 
sive wheel—the plasma arc torch made the cut 
in 3 min. 


Carbon Steel— Much development effort is being 
directed toward applying plasma arc cutting to 
greater use with carbon steel. This process is faster 
than a chemical flame for rip cutting and straight- 
line cutting of steel. At present, however, the cut 
quality with respect to squareness of kerf walls, 
while acceptable for many applications, is not as 
good as chemical flame cuts. This is especially 
true in shape cutting, where square cut surfaces 
are essential. 


Underwater Cutting — An interesting problem was 
recently encountered at the Oak Ridge National 
Laboratory where it was necessary to slice a radio- 
actively “hot” reactor plate by working through a 
2-in. diameter access port. The %-in. thick Zircaloy 
plate was under 30 in. of water at a distance 18 ft 
below working level. A miniature cutting torch and 
remote control manipulator were specially designed 
to fit through the port. The plate was then sliced 
into strips and removed through the port. 

Carbon steel, stainless steel, and aluminum speci- 
mens also have been cut underwater by the plasma 
are torch. A continuous argon flow of 5 cu ft/hr 
kept the water out of the torch prior to cutting and 
prevented electrode deterioration. During cutting, 
the gas flow was increased to 100 cu ft/hr, and 
conditions of 400 amp at 85 v maintained. Depend- 
ing upon the material and thickness, cutting speeds 
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of 20 to 150 in. per min were obtained. 

Underwater cutting is a new but as yet limited 
use of the plasma arc cutting process. Construc- 
tion, maintenance, and scrapping operations on 
reactor and nuclear processing systems appear 
feasible as future applications. 


Other plasma arc applications 


Plasma-Are Plating — Independent control of tem- 
perature and atmosphere is a major advantage of 
the plasma are with respect to coating. Thus, 
oxidation and a high melting temperature are not 
material limitations when the plasma arc is em- 
ployed. 

This advantage is perhaps best illustrated when 
tungsten is deposited on a surface. The 6160 F 
melting point of this metal, together with its affinity 
for oxygen at elevated temperatures, presents no 
problem to the plasma arc operating with pure 
argon. Tungsten has been applied as a coating in 
thicknesses from a few mils to 4% in. on metals and 
graphite. In general, good coatings can be made 
from most metals, most of the refractory oxides, and 
many of the refractory carbides. They bond well 
to most base materials, including graphite. The 
coatings are dense, usually laminar in structure, and 
take a high finish. 

A plasma arc torch for coating metals is shown 
in Fig.4. Fine powder is introduced into the plasma, 
melted, and accelerated to high velocities. The 
molten particles are propelled against a workpiece 
where they flatten out and solidify to form a coating. 

One interesting application is the plating of rocket 
nozzles. The newer oxidants and fuels used in 
rocket engines subject exhaust nozzles to flame 
temperatures up to 5500 F, at exhaust velocities in 
the range of 5000 fps. The exhaust gases contain 
chemically active byproducts and solid particles 
which tend to erode nozzles and control devices 
placed in the rocket exhaust. Rocket nozzles, jete- 
vators, and jet vanes— devices that work in the 
direct blast of the engine to change the direction 
of the nozzle thrust — have been given longer life 
by coating them with tungsten or other refractory 
materials. 

Plasraa Arc Weld Surfacing — This latest develop- 
ment in the plasma arc field, in contrast to the 
plating process, produces deposits fully fusion- 
bonded to the workpiece. The process produces 
thinner deposits than other arc or gas surfacing 
processes. Deposits being fused and welded can 
have 100% of theoretical density; dilution can be 
controlled from less than 10% to over 50%. 
Wind-Tunnel Studies — The plasma arc torch has 
been used for high-temperature wind-tunnel op- 
erations where high velocities are required. Such 
torches require special shielding for protecting the 
cathode from air, and are often combined with ex- 
tensive vacuum systems on the downstream side for 
high altitude simulation. Research tools of this 
type provide conditions simulating speeds up to 
Mach 20. The plasma jet simulates in the laboratory 
the severe heating and ablating conditions of nose- 
cone reentry. 
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A towboat 
builder-operator 


specifies prime needs in 


power 


for pushing 


on paper by 
C. R. Horton, Jr., d:2v0 con 


UEL ECONOMY and reliability are the character- 

istics most sought in prime movers for push-type 

towboats on western rivers. The weight of the 
powerplant is of little importance. 

Powerplants in modern vessels are diesels having 
a total power ranging from 1000 to 9000 hp. Usually 
two propellers are driven, but occasionally three or 
four, at speeds ranging between 1200 and 360 rpm. 
One engine per propeller is customary, but there are 
towboats with two engines per propeller. Almost all 
4-cycle engines are turbocharged and the trend is 
to turbocharged 2-cycle engines as well. 

There are instances of 5000-6000 full hp-hr/yr 
equivalent fuel consumed which amounts to spend- 
ing the price of the engine in full in one year. More- 
over, 15-30 days fuel supply must be carried because 
of long voyages and fuel price differentials. When 
the annual fuel bill is about six times the total of all 
other power expenses, fuel economy becomes the 
only real issue, and thus far nothing can compete 
with the diesel. 

The operator would like to see simpler prime mov- 
ers capable of running without attention in order to 
reduce the labor bill which now runs about $50,000 
a year in the engine room alone. The most hopeful 
signs on the horizon are the highly supercharged or 
compound diesel for fuel economy, or possibly the 
gas turbine with heat exchangers and cheaper fuel. 

The weight of an engine is of limited importance 
since its net effect is to reduce the fuel capacity of a 
given size hull and this can be restored by a small 
increase in hull cost. Similarly, shell physical size 
carries a low value, although a large increase over 
present standards would meet great resistance. 

To a towboat operator, engine reliability means 
ability to develop its rated continuous power for 
thousands of hours without major attention. Tow- 
boats cost $500 to $3000 a day to operate and they 
produce revenue at two to three times these rates, so 
downtime is very expensive. Long periods available 
for major maintenance are scarce, hence overhauls 
can cost as much in lost revenue as the cost of the 
work. Standards for good operation call for over- 
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hauls after 12,000-15,000 hours, or about every two 
years, with ten days in which to do it. These so- 
called standards are the exception rather than the 
rule and manufacturers have much to do to prolong 
the life of major components. 

The river industry has suffered from being used as 
a floating laboratory for the proving of new engine 
designs and types. While this is probably better 
than no progress, it has created far too much trouble 
which could have been avoided had owner, ship- 
builder, and engine or accessory producers shared 
all the facts. Manufacturers are not doing enough 
nor the right kind of endurance testing of new mod- 
els ... nor do they supply adequate instructions and 
built-in reliability control, or both. A river towboat 
is built for at least 150,000-hr operation, hence the 
owner is interested in the long-term dollar rather 
than first cost. While there have been few outright 
failures, less “soap selling” and more engineering 
and pretesting would lessen growing pains. 

The engine must be able to accelerate rapidly to 
full power from stop or idle, and to idle for long pe- 
riods of time. While part-load efficiency is not very 
important, accelerations and control of the shaft 
are vital. These characteristics seem best supplied 
by modern reverse-reduction gear units which have 
very reliable control and operate satisfactorily. 
Dravo specifies and gets the following controls: 


Neutral to slow ahead or astern on shaft 3- 4sec. 

Slow ahead to slow astern — shaft 5— 6 sec. 

Slow ahead to full ahead — shaft 10-15 sec. 

Shafting is usually very long, providing a soft 
spring coupling between propeller and gear or en- 
gine. Torsional vibration problems or departure 
from prediction are rarely encountered. Torsional 
resilient couplings and quill shaft drives make pos- 
sible specifying and getting systems without danger- 
ous criticals over the entire 3/1 range of engines. 
Direct-connected or direct-reversing geared engines 
have more problems, but they can be solved. 

Immovable objects are often struck by propeller 
blades, and since blades are strong, one end of the 
drive system is stopped short. This can happen 50 or 
100 times in the life of a towboat, so it is designed 
for as an operational hazard rather than accepted 
as a disaster. The longer the shafts the better, but 
gears and couplings must have strength to with- 
stand either the torque produced by the inertia of 
the engine, or the limiting torque introduced by the 
clutches. If the latter, the clutch must reset and 
stall the engine quickly or it will burn up. We have 
such units and we test them too frequently. 

A diesel engine designer wants nothing attached 
to his engine. A shipbuilder wants everything in a 
package. A towboat owner wants both. The trend 
in the direction of self-contained units must go fur- 
ther if labor requirements are to be reduced. The 
newest boats have an elaborate monitoring system 
so that engineers are free to perform a few routine 
jobs and make occasional repairs. This trend could 
go on until a towboat operates like an automobile 
with no one under the hood. But this is unlikely for 
any but small vessels since hotel functions on a tow- 
boat alone will continue to require service and men 
can still do many things better than electronics. 
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Reduce weight . . 


cut costs .. 


with high strength steels 


The combination of lower weight and material cost is of 
special interest to automotive equipment designers be- 
cause, in some instances, weight reductions accompanied 
by increased cost have been justified on the basis of 
increased capacity or payload 


G. Haaijer 


IGHTER weight structures made of higher 
strength steels often show substantial material- 
cost savings compared to the weaker carbon steels 
. . . despite higher cost per pound. To illustrate, 
weight savings up to 67% have been shown for cold- 
formed light-gage beams of “T-1” Type A steel 
(yield strength=100,000 psi). Also, material-cost 
savings up to 29% have been realized for EX-TEN 
steel having a 50,000 psi yield point. The more fa- 
vorable price-to-strength ratio of the higher 
strength steels account for this. That is, the per 
cent increase in price of the higher strength steels 
compared to that of structural carbon steel is 
smaller than the per cent increase in yield point. 
I-shaped beams that are built-up from steels with 
different yield points show savings in both weight 
and material-cost. Optimum design of these beams 
places the higher strength steel in the flanges. For 
example, a hybrid steel beam which shows 15% ma- 
terial-cost savings and 37% weight savings uses an 
AT steel web (33,000 psi yield point), and “T-1” Type 
A steel flanges. Beams of higher strength steels 
with uniform strength throughout their cross sec- 
tions do not always show a cost savings, although 
they do show a weight savings. 


Structural Analysis 


The above observations are derived by considering 
a beam subjected to bending loads. The bending 
moment a beam can sustain without undergoing ap- 
preciable plastic deformations is given by: 
M,=Sf (1) 
where 
M,= elastic bending strength (moment) 
S = section modulus 
f = yield point 
To compare two beams of different materials, the 
beams should have the same bending strength, thus: 


Sof, =Sof> (2) 


where the subscripts a and b identify the two beams. 
It follows that for equal bending strength the re- 
quired section moduli are inversely proportional to 
the yield points. Thus a higher strength steel re- 
quires a smaller section modulus. This generally 
indicates a smaller cross-sectional area and less 
weight. 
The deflections of the beams are also important, 
and are related by: 
qd, . &J, 3) 
d, E,I, ( 
where 
d = deflection 
E = modulus of elasticity 
I= moment of inertia 
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Fig. 1— Common cross sections of 
light-gage cold-formed beams. In 
this analysis the overall dimensions 
of the beams of different materials 
are kept equal . . . only the thick- 
nesses vary. 
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Table | 


Cold-Formed Beams of Equal Strength and 
Overall Dimensions Made From Sheet or Strip 
(Requiring Moderate Forming) 


Relative 
Material 
Cost 


1.00 
0.71 
0.73 
0.85 


Yield Point, Relative 
psi Weight 


33,000 1 

50,000 0. 

50,000 0. 
0. 
0 


Steel 


ASTM A245 Grade C 
USS EX-TEN 

USS MAN-TEN 
ASTM A375 

USS “T-1” Type A 


“ Yield strength. 
» Material price not yet established. 


50,000 
100,000* 
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From this basic outline different types of beams 
can be analyzed, and relative weight and deflection 
of beams of equal strength obtained. 


LIGHT-GAGE COLD-FORMED BEAMS — Relatively 


small loads can be efficiently supported by beams 
that are cold-formed from sheets or strip. Common 
cross-sections for such beams are shown in Fig. 1. 
Since cross-sectional area, section modulus, and 
moment of inertia are linear functions of the thick- 
ness, t, the relation between the thicknesses of two 
beams of different steels, having equal overall di- 
mensions, is: 
ty fa 
hy 
The cross-sectional areas A, and A, are then related 
to the yield points by: 


(4) 


eee 2 

A, fr, 

The ratio of the weights per unit length for the two 

beams is identical to the area ratio given by the last 
equation. 

To arrive at a relation for the relative deflection 

of the beams it is noted that the moments of inertia 
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ee = 


Relative 
Deflection 


1.00 
1.52 
1,52 
1.52 
3.03 


Steel 


ASTM A245 Grade A 
USS TRI-TEN 
USS EX-TEN 45 
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Table 2 


Cold-Formed Beams of Equal Strength and 
Overall Dimensions Made From Sheets or Strip 
(Requiring More Severe Forming) 
y , : Relative 
Yield Point, Relative : 
psi Weight =— 
25,000 1.00 1.00 


45,000 0.56 0.72 
45,000 0.56 0.60 


Relative 
Deflection 


1.00 
1.80 
1.80 
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are directly proportional to the thicknesses. Since 
the thicknesses are inversely proportional to the 
yield points, we have: 

d, E. Sb 

d, Buf, - 

This analysis is valid only if the width-to-thick- 
ness ratios of the elements of the beams do not ex- 
ceed the maximum ratio needed to prevent prema- 
ture local buckling. 

Tables 1 and 2 give weight and cost comparisons 
of cold-formed beams of equal overall dimensions. 
ASTM A245 Grade C steel is used as the basis of com- 
parison in Table 1 which applies to beams requiring 
moderate forming. The weight savings for the 
high-strength low-alloy steels is 34%, and the cor- 
responding material-cost savings vary from 15 to 
29%. “T-1” Type A steel, soon to be commercially 
available in sheet form, gives a weight reduction of 
67%. No material-cost comparison can be made in 
this case because the price of this new material is 
not yet established. 

Beams requiring more severe cold forming are 
compared in Table 2. 


BUILT-UP I-SHAPED BEAMS — For heavier loads, 





high strength steels 


. continued 


hot-rolled shapes or built-up welded beams are re- 
quired. Ttie section modulus of such beams is: 


5 ee 
S= te 3 Are (7) 


The notation is explained in Fig. 2 where a sche- 
matic cross-section is shown, with the areas of the 
flanges concentrated along their centers. Since 

an expression for the area, derived from equation 
(7), is: 

_2S 2c? 
a 


A (8) 


where a 


For a given value of a, the depth required for mini- 
mum area (weight) is found by equating to zero the 
derivative of A with respect to c, giving: 
dA 2S 4c 
dc Cc? 3a 
Solving for the depth of the web: 


c (>) 


0 (9) 


ACTUAL SCHE MATIC 

Fig. 2—1|-shaped beams. These are required for heavier loads .. . 
either hot-rolled or built-up. Built-up beams can have uniform strength 
cross sections or they can be hybrid . . . using differing materials for 
the web and the flange. 


Hybrid Steel Beams of Equal Strength and with 
Equal Web Depth-to- Thickness Ratio 


Steel 
Web 


A7 
A7 


A7 


MAN-TEN “T-1" TypeA 


Modified 
A441 


Flanges 


AT 0.67 

A441 

AT “T-1" Type A 
“Tt 


“T-1" 0.75 


Substituting equation (10) into equation (8) gives 
the minimum area of the cross-section as: 


meer 


a 


(11) 


The web depth-to-thickness ratio a is seen to have 
a major influence on the required minimum area — 
minimum area decreasing as a increases. However, 
there are limitations that establish the maximum 
values of a. For example, the rolling process imposes 
a maximum value of 55 on the lightest weight hot- 
rolled shapes. 

A comparison of beams of this type is given in 
Table 3. It is clear that the weight savings obtain- 
able with the higher strength steels are sometimes 
accompanied by an increase in material cost. Also 
evident is the requirement for shallower sections 
with the higher strength steels. 


HYBRID STEEL BEAMS — It is intuitively obvious 
that higher strength steels will be more effective in 
the flanges than in the webs. Therefore, hybrid 
steel beams constructed by welding higher strength 
steel flanges to lower strength steel webs should be 
more economical. 

Because of the different yield points of the ele- 
ments of hybrid beams, plastic design methods must 
be employed to assess the true beam strength. If 
the web material yield point is f, and the flange ma- 
terial yield point is (1+6)f, then the bending 
strength (plastic moment) M, is given by: 

M, =| %Ac(1 +8) -2% (28 +1) | f (12) 
| 4a | 


Lu 


The cross-sectional area can then be expressed as: 


a _2M, ? (268 +1), 
f(1+B)e 2(6+1) 

Since the materials used differ in price as well as 
in strength, minimizing the cross-sectional area 
does not necessarily give the lowest material cost. 
If p and (1+ -¥)p are the prices of the flange and web 
materials, respectively, and A,, is the web area, the 
total material cost C is: 


(13) 


- a 


} Cy | 
C=A,,p+A,(1+y)p=p)|(1+yA- 


a | 


Table 3 


La 


Relative Relative 
Material Elastic 
Cost Deflection 


1.00 1.00 
0.95 1.38 
0.85 2.49 
0.92 2.16 
0.86 2.77 


Relative 
R* Depth of 
Beam 


1.00 
0.91 
0.80 
0.87 
0.79 


Relative 
Weight 


1.00 
0.85 
0.63 
0.68 
0.60 


0.61 


0.65 
0.68 
0.75 
0.69 
2.67 


0.83 0.97 


R = Ratio of web area to total area 
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YIELD POINT (1+8) 4). 
| PRICE (1+9)P : 
YIELD POINT } 
PRICE pe 





| 
+ 
b 


—YIELD POINT (i+8) 
PRICE (I+7)E 


YIELD POINT DIFFERENCE 8, % 
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Substituting the expression for A given in equation 
(14), into equation (15), and differentiating the 
total material cost C with respect to the total depth 
c, the depth required to give minimum material cost 


is: 
2aM a /3 
C= a= 
ee 


where q is given by: 


(15) 


T+ 1 

o° 8-771 on 

The corresponding cross-sectional area is deter- 

mined by substituting equation (16) into equation 
(14), to give: 


. M, eh A a 2+28q+¢ 
Acorinam = ( i ) (3:) (Coe ) (17) 


The minimum material cost is obtained by substi- 
tuting into equation (14) the expressions for opti- 
mum values of c and A, as given by equations (15) 
and (17), respectively. Also found from these two 
equations is the ratio R of web to total area: 

r-4e 2(6B+1)q 
A 24+ (38+1)¢ 
which is an important parameter. 

From these equations can be found the relative 
weight, material cost, depth of section, and deflec- 
tion of a hybrid beam compared to a beam of uni- 
form yield point (equal to the yield point of the web 
of the hybrid beam). The cross-sectional area ratio 
(which is equal to the relative weight) is: 


A, - 2. 2/3 
i. 3K,” 


(18) 


(19) 
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Fig. 3 — Relative weights and ma- 
terial-costs for hybrid beams. The 
different ratios of price increase 
(y) to increase in yield point (f) 
show the advantage gained by using 
higher strength steels. 
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where the subscripts 1 and 2 denote the uniform 
yield point beam and the hybrid beam, respectively. 
The relative material cost is: 
C, A, 
C, A, 


The depths of the sections are related as follows: 


(1+ ¥,—- Rev) (20) 


C2 - 

Cc, 
A straight-forward calculation of the moments of 
inertia shows the elastic deflections to be related by: 


“ahs (21) 


d, (A,\? 5 

_ (3) 27 R,(%- eR.) 
These deflections do not include the permanent set 
that occurs with the initial plastic loading of the 
hybrid beam. 

This analysis shows how hybrid steel beams of 
equal strength and with equal web depth-to-thick- 
ness ratios, should be proportioned to give minimum 
total material cost. The relative weights and ma- 
terial-costs of beams designed in this manner are 
shown in Fig. 3, for different values of y and 6, (the 
per cent increases in price and yield point respec- 
tively). It is clear that if the per cent increase in 
price is less than the per cent increase in yield 
points (true for almost all higher strength steels), 
the material cost of a hybrid beam is less than that 
of a beam having uniform strength. Specific cases 
illustrating this point are given in Table 3. 
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People 


are concern of 


ONTRARY to popular opinion, rapidly changing automotive 

and aerospace technology relies more and more on people; 

not on machines. In both manufacturing and engineering 

phases of technological development, ultimate success depends 

increasingly on recognition of manpower as the most vital in- 
gredient. 

So, alert managements are lifting personnel development to 

a position of major concern in their everyday operations, par- 

ticularly in the areas of engineering and research. And they 

are beginning to look especially hard at their middle manage- 

ment asking: “Are these men equipped for leader- 

ship in the training programs — both on-the-job 

and off-the-job — through which new personnel 

is oriented and existing personnel is upgraded?” 


Typical criteria for judging managerial per- 
e mM e nf formance is coming to involve importantly ele- 
ments about the manager’s personal attitudes 


at all levels 


This article was drawn from material pre 
sented at an SAE panel on “Personnel Devel- 
»pment in a changing Technology” which was 
reported by R. W. Bradshaw of Grumman Air 
craft Engineering Corp. Prof. E. H. van Del- 
den of New York University was chairman. 
Serving with him were: Wayman Knight, Lock 
heed Aircraft Corp.; John MelIntyre, North 
American Aviation Inc.; C. P. Sparks, Rich- 
ardson, Bellows, Henry & Co.; Dr. Harry Sher- 
man, consultant; Walter Doll, Pratt & Whitney 
Aircraft Division, UAC; and B. E. Ashen 
brenner, Thompson Ramo, Wooldridge, Inc. 
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and responses. No longer are they encompassed 
in some generalized answer to the question: 
“What results does he get?” 
A set of typical criteria for judging management perform- 
ance today — which is used by one large corporation — lists 
these 10 points: 


. Does he work well with other people? 

Does he understand his machinery? 

. Does he plan ahead? 

Does he have initiative? 

. Does he make decisions — AND integrate them? 
.Does he work well with other departments? 

- Does he develop his subordinates? 

. What are his personal aspirations? 

. Is he capable of self improvement? 

. What is his growth capacity? 


COC oT AU PWN Ee 
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Some such criteria have always been used almost everywhere 

. in an informal, lackadaisical sort of way. But now they 
are coming to be applied as living, practical guides to selection 
and movement of supervisors at all levels. And a manager’s 
positioning of himself and others in the “training” picture is 
getting more and more emphasis in judging supervision abili- 
ties. 

Management at all levels, in other words, is giving increasing 
attention to: 


e Identifying training needs within a given company 
or department. (What trained men do we need?) 

e Seeking personnel within the company or from the 
outside as candidates for training to fill the identified 
needs; and 

e Study and application of proved and available tech- 
niques with which to accomplish the training. 


“Training” in certain instances is mainly orientation of a 
man to a new job—or to changed conditions in an old job. 

Management is often faced these days with need for reori- 
entation — sometimes even re-education of experienced engi- 
neers in the automotive and aerospace industries. It is not 
uncommon for an engineer who has long held “expert” status 
in a field to find himself a “novice” in a new one. Most engi- 
neers, in fact, are hard pressed today to keep up with changing 
technologies as they affect their present field of activity — let 
alone as they apply to other technologies which in themselves 
are frontier busters. 

In many instances, management is encouraging and support- 
ing this latter kind of reorientation and re-education through: 


@ paying in whole or in part for off-the-job courses at 
local universities; 

@ arranging to bring training courses to the engineer 
at the plant; 

@ encouraging participation in activities and meet- 
ings of germane technical societies — usually by offer- 
ing the engineer time and perhaps expense money to 
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so participate; sometimes by paying his dues to a 
selected technical society. 


Many companies encourage education through participation 
in technical societies in various other ways, too. Some watch 
the man’s participation with interest as well as approval; give 
credit for such activities when they come to formal appraisal 
of his performance. Some supervisors actually prod selected 
engineers into technical society activity, because they them- 
selves have benefitted previously. Several companies give 
monetary rewards to engineers who have technical articles 
published. Others encourage presentations within the company 
which prepare the engineer for later outside activity. 

But with all the emphasis on the “new” elements in judging 
performance, management still places “experience” high on 
its list. Particularly does it place high experience attained by 
a man who is good at relating one experience to another; who 
can hear a generality and transmute it into a specific applica- 
tion to his own work needs. 

Most men, managers say, find it very difficult to relate to 
their own jobs ideas, information, and principles learned in 
study or in outside contacts. Yey this ability is generally rec- 
ognized as having the highest value to almost any company 
or department. 

Can this ability to “relate” be taught? Some experienced 
managers say: “Yes”... but not “positively.” If you can get 
a man to see his outside information in terms of principles — 
and if he knows the principles by which he is operating his own 
job —then maybe you can get him to relate the two sets of 
principles. Others, equally experienced, answer: “Maybe — but 
I never saw it done.” 

The best way for a manager or supervisor to teach a man to 
“relate” haphazard information or ideas to his own work, most 
will agree, is for the manager to always “relate” himself. He 
can train better by doing than by talking about what to do — 
in this particular area. 

The chief engineer, for instance, who goes to an SAE meeting 
and comes home with nothing specific to report to his gang 
is less likely to get practically “related” ideas from his engi- 
neers who go to the next meeting. 

One engineering executive recently has “related” his worries 
about technical society meetings taking up too much of his 
engineers’ time to really looking into what they bring back. 

“It’s been standard practice at our place,” he said, “to make 
our engineers write a report following each technical society 
meeting they attend. We figure that helps to keep them in the 
technical sessions a reasonable part of the time. ... But up until 
recently, nobody — including me — took any deep or analytical 
interest in reading the reports they have written. .. . Now it’s 
going to be different. I’ve just realized I can find out from those 
reports which men have that invaluable ability to relate hap- 
penstance ideas to their own work .. . and, incidentally, it will 
make me sure that we’re spending company money profitably 
— when we continue to send to future meetings those that re- 
late the best.” 

There’s one more area of “training” in which managers can 
train best by example, experienced supervisors seem to agree; 
that’s in getting subsupervisors to praise as often and as effi- 
ciently as they criticize. Most men—supervisors or not — 
criticize more spontaneously and more fluently than they dis- 
tribute praise ... even where both are equally warranted. So, 
the supervisor whose boss says a good word to him once in a 
while is most likely to pass along a little praise where it is 
justified. One manager says he makes it a point never to 
praise — or criticize — subordinates except through their su- 
pervisors. Bearish supervisors especially, this manager says, 
find it easier to pass along a compliment already made than to 
think up and phrase one themselves. 

In these and hundreds of other ways, management is recog- 
nizing increasingly that “training” never ends for an individual 
in industry ... and that the future success of every company 
lies in the never-ending growth of the individual people who 
comprise the organization. 


JULY, 1961 


Specific ways to help 
people do ever better work 
were suggested at a recent 

SAE panel on Personnel 
Development, of which 

R. W. Bradshaw, Grumman 
Aircraft Engineering Corp. 
was secretary. 





Why and how of Hydrodynamic 


Based on paper by 
E. W. Upton 
eneral Motors Corp 


OMPLETE smoothness during speed _ ratio 

changes, and torque ratio changes in the case 
of the torque converter, is the advantage offered 
by hydrodynamic drive. The nature of these 
changes is complex, but the unit is relatively simple, 
completely automatic, reliable, and can be designed 
to last the life of the vehicle without servicing. 

When the device is driven directly by the engine, 
other drive line components are substantially free 
of the effects of normal engine torsional disturb- 
ances, usually eliminating the need for torsional 
dampers or isolators. Shock effects on drive line 
components are greatly reduced, and the combina- 
tion of reduced torsional and shock loads results in 
longer life for nearly all functional components of 
the vehicle and reduced repair costs. 

The ability of one member of a hydrodynamic 
drive unit to perform a function normally provided 
by another, permits the designer to exercise more 
ingenuity in the selection of the type and arrange- 
ment of components to meet performance specifica- 
tions. 


How the unit works 


In the simplest configuration, as shown by the 
fluid coupling in Fig. 1, the impeller driven by the 
engine functions as a centrifugal pump. Oil, sub- 
stantially filling the space within which the bladed 
elements are located, flows into the impeller inlet as 
shown by the arrow. It flows outwardly through 
the impeller passages and leaves at the outer part 
of the torus where it enters the turbine member and 
flows inwardly through the passages to be dis- 
charged, again at the inner part of the torus into 
the impeller inlet. Since the flow is subject to 
changes in the axial as well as radial direction, 
bladed cascades of this type are termed mixed flow 
elements. 

The difference in centrifugal pressure caused by 
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the difference in the speed of the two members 
establishes the direction of the fluid flow. The im- 
peller turning at the higher speed produces a greater 
centrifugal pressure difference between the inlet 
and outlet at zero flow condition than is produced 
by the turbine. The resulting net pressure gradient 
from the impeller circuit to the turbine circuit 
causes flow which stabilizes at the value where the 
sum of the flow heads and the turbine work head 
exactly equals the impeller total head. As turbine 
speed increases, its potential centrifugal pressure 
difference increases, resulting in a smaller net 
pressure differential between the impeller circuit 
and the turbine circuit and, therefore, a lower 
circulation rate. 

Since the torque transmitted is directly related 
to the rate of flow around the torus, the impeller 
speed must increase as turbine speed increases in 
order to transmit a constant torque. The fluid 
produces torque loading on the blades of the tur- 
bine equal in magnitude but opposite in direction 
to that on the impeller. Couplings using identical 
blading in the two members operate equally well 
when the turbine is used as the impeller. In some 
units the blading is not identical, but designed to 
favor one direction of rotation and one direction 
of power flow. 


Use of a reactor 


To obtain a change in torque between impeller 
and turbine, a third member, a reactor, must be 
added to the circuit (Fig. 2). It may be of mixed 
flow design. Frequently, however, the primary 
cause of the torque reaction of this member is the 
change in the spin velocity of the fluid mass around 
the shaft center line without any change in radius. 
In this case the blade cascade is an axial-type flow 
element. The reactor performs the same function 
in the hydraulic circuit as the fulcrum serves in a 
lever system. In all instances, whether the hydro- 
dynamic unit is a simple coupling or a more complex 
converter, no torque or power is transmitted unless 
there is circulation of fluid through the torus sys- 
tem. 
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d r / ve un / ts in automatic transmissions 


Functions of hydrodynamic drives 


Hydrodynamic drives have eight functional uses. 
These are: 


@ Starting device — automatic. 

@ Speed changer — automatic. 

@ Engine speed control device. 

@ Retarding device — automatic. 

@ Shifting mechanism. 

e Torque ratio change — automatic. 

@ Reversing device — multiple function. 
@ Capacity changer. 


Fluid couplings and torque converters perform 
alike in regard to the first five functions. 

The hydrodynamic unit serves as an automatic 
starting device, eliminating the need for automati- 
cally engaging a friction element simultaneously 
with opening the throttle. As the vehicle acceler- 


: 


mn 
1 


Fig. 1 — Cross-section view of a fluid coupling, the simplest con- 
figuration of a hydrodynamic drive unit. 


wp 
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ates, the coupling or converter automatically accom- 
modates the speed of the engine and the vehicle with 
complete smoothness. It also controls the engine 
speed automatically, depending only on engine 
toraue and vehicle speed conditions. When vehicle 
and throttle conditions establish a coasting or 
over-run condition, the fluid unit automatically 
accommodates the reversal of power flow. With 
the simplest (radial blade) fluid coupling, the over- 
run power flow operation has the same efficiency 
as the forward operation for the same load condi- 
tions. Some couplings and all torque converters 
are designed to be more efficient for forward power 
flow. Torque converters using free-wheeling reac- 
tors operate as couplings under coast conditions. 


Retarding function 
Special applications in the heavy-duty fields use 


TURBINE 


<-CORE 





OUTPUT SHAFT 
js a (eee 
Fig. 2— Typical three-element torque converter arrangement (two 


phase, single stage). The third member, the reactor, is added to the 
circuit to obtain a change in torque between impelier and turbine. 
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Hydrodynamic 
drive units 


.,.. continued 


fluid couplings as retarders for down hill runs. 
One member is locked to ground, the other member 
is connected to the driveshaft. The retarding force 
is a function of the vehicle speed and is further 
controlled by the amount of fluid in the torus. 
Some passenger car transmissions have a special 
range and functional arrangement to get increased 
braking for downgrades. 

Both fluid couplings and torque converters can be 
used as shifting mechanisms to perform transmis- 
sion gear ratio changes with maximum smoothness. 
Here, they are used with a planetary gearset to 
connect two of its three elements. The fluid unit 
is emptied to allow the gearset to function in ratio 
change. The individual members of the hydro- 
dynamic unit rotate with complete freedom relative 
to each other because of the absence of the fluid. 
The coupling is filled to accomplish the lockup or 
direct drive condition. Use of the fluid device 
achieves the one-to-one torque transfer, but the 
speed transfer is slightly less than one-to-one, the 
drive requiring a difference of speed between input 
and output to establish fluid circulation within the 
passages and so establish torque transfer. 


Torque ratio change 


The function of torque ratio change is peculiar to 
the torque converter by definition. It is performed 
automatically and simultaneously with changes in 
speed ratio, a given design providing a specific 
torque ratio for each speed ratio. An infinite num- 
ber of torque ratios are available between stall con- 
ditions and coupling point. 

To use the torque converter as a reverse drive de- 
vice, it is necessary only to exchange the functions 
of at least two members. The turbine is used as a 
reactor and the reactor as a turbine. The speed 
range and efficiency is less than for normal drive. 

Reverse is obtained in another dual function 
system by using a second turbine as the reactor and 
the first turbine as the primary reverse drive mem- 
ber. Here again the speed range and efficiency are 
less than in forward drive, but the arrangement is 
satisfactory when used with an appropriate gear 
train and results in a better overall design balance 
or transmission arrangement than would be possi- 
ble if the more conventional reversing gear system 
was used. 

The capacity characteristic of the fixed blade 
coupling or converter of a given design is fixed. 
However, a considerable range can be obtained by 
using variable blade elements. The choice of the 
particular number selected for this effect depends 
upon the type of unit and transmission arrange- 
ment. Any one of the three basic types — impeller, 
turbine, or reactor—can be used if properly de- 
signed. The reactor is usually the most convenient. 
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ADIATIVE transport within solids can help pre- 
serve the dimensional stability of rocket nozzles 
by reducing the temperature of the gas-solid inter- 
face. Thus, rocket nozzles may be enabled to handle 
the higher-combustion-temperature fuels that will 
soon be available. Since the combustion tempera- 
tures of these fuels will be higher than the melting 
points of all known materials, some such means will 
be required to maintain nozzle configurations. To 
depend solely on thermal conductivity for the ex- 
traction of heat from the nozzle is not sufficient. 
Thermal conductivity is limited at these high tem- 
peratures, and there is no obvious way to increase it. 
Comparison of the ordinary conductivity and 
radiative transport characteristics of solids points 
out the advantages to be gained by radiative trans- 
port. A rather idealized rocket-nozzle design con- 
cept serves to illustrate the effectiveness of radiative 
transport as a heat transfer mechanism.in solids. 
The main features of this design are shown in Fig. 1. 
Next to the gas flow inside the nozzle is an opaque 
surface layer. This layer serves as an efficient 
material to emit radiant energy toward the outside 
of the nozzle. It also blocks radiation from the gas 
stream from penetrating into the nozzle. Next to 
this opaque surface is a layer of transparent high 
melting point material having a refractive index, 7,. 
Outside this stable material is a layer of ablating 
material which is also transparent and should have 
a high refractive index, n, (approximately equal to 
n,). Both of these materials are assumed to be di- 
electric solids. On the outside of the ablative ma- 
terial is an opaque surface layer which is assumed to 
absorb the radiation reaching it. 

Heat is transferred through this model by first 
being radiated from the opaque inner surface and 
then being absorbed by the opaque outer surface. 
The intervening materials are assumed to have an 
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absorption coefficient of zero. Heat is also con- 
ducted from the inside surface and, after the tem- 
perature begins to rise, heat is conducted toward the 
inside from the outside surface. The resulting 
temperature profile is similar to that shown in Fig. 
1. The heat transported by radiation can cause an 
ablation process at the outside surface if the ma- 
terial properties are appropriate for it. This proc- 
ess continues until all the ablative material is 
removed or until the temperature at the interface of 
the two materials is raised to the point where 
bubbles form. At that point radiation can no longer 
be transmitted efficiently and the nozzle will fail. 

An analysis of a nozzle designed in this fashion 
shows striking possibilities. The calculated differ- 
ences between the gas temperature and the maxi- 
mum hot face temperature are much larger than 
those expected after comparable periods of time 
with currently used nonradiative designs. Fig. 2, 
for example, shows final hot face temperature 
plotted against refractive index, for various values 
of gas stream temperatures. At a gas stream tem- 
perature of 9000 R and a refractive index of 4 for 
the nonablative and ablative material, the final hot 
face temperature is seen to be just above 4800 R. 
Although these curves represent data from only one 
set of conditions, that is, heat flux and thermal 
conductivity of the intervening material, the shapes 
and positions of the curves for other conditions are 
much the same. 

The material properties and operating conditions 
assumed for these calculations are given in Table 1. 
It is seen, at the bottom of Table 1, that the nozzle 
was divided into a number of elements. This was 
done in order to analyse the problem numerically. 

The temperature profiles at several time intervals 
for a particular set of conditions is presented in 


Fig. 2— Final hot face temperature as a function of re- 
fractive index, for various gas stream temperatures. These 
curves show remarkable possibilities for reducing the noz- 
zle temperature. 
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this could be an important development. 
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The usual mode of heat transfer in solids is thermal 

conductivity, but a recent study shows great advantage in designing for 
radiative transport of energy. This method of extracting heat 

can drastically reduce rocket nozzle wall temperatures. 


Since the trend is toward higher and higher temperatures, 
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Fig. 1 — Rocket nozzle design concept utilizing radiative 
transport. Both the stable transparent structural material 
and the transparent ablating material, which compose the 
nozzle, have high refractive indices approximately equal 
to one another. A typical temperature profile that might 
result from this configuration appears at the bottom of 
the diagram. 
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Fig. 3 — Calculated temperature profiles at sev- 
eral time intervals for a particular set of con- 
ditions (initial heat flux=500 Btu/ft’-R, gas 
stream temperature = 7000 R, thermal conduc- 
tivity of both materials= 0.0067 Btu-ft/ft’-R- 
sec, refractive index of both materials = 2.5). 
The thicknesses of the two materials have been 
optimized so the ablative material is completely 
removed when the temperature at the interface 
reaches 3000 R. 7 
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Fig. 3. These curves show typical changes in tem- 
perature profiles for a case where the thicknesses of 
the ablative material and the transparent structural 
material have been optimized so that the interface 
temperature increases to 3000 R due to diffusion of 
heat from the hot face at about the same time that 
the ablative material has been completely removed. 
If the diffusion of heat had been greater due to 
higher thermal conductivity and smaller thick- 
nesses, the final curve would show a minimum to 
the right of the interface. If the ablative material 
had been removed before the diffusion of heat from 
the hot face caused the interface temperature to 
increase to 3000 R, the final curve would have 
reached a minimum well to the left of the interface. 

The time that the nozzle will function is con- 
sidered to be limited by the temperature rise of the 
interface between the transparent structural and 
ablative materials, or by the removal of all the 
ablative material. For a case in which low conduc- 
tivity materials are assumed (conductivity K= 
0.000268 Btu-ft/sq ft-sec-R) the life is limited by the 
amount of ablative material provided. Longer times 
also result from choosing lower values of refractive 
index, but this brings the disadvantage of higher 
hot-face temperatures. As might be expected, the 
time that the nozzle will function decreases with 
increasing gas stream temperature. It is possible 
for the useful life to be limited by an increase in 
interface temperature arising from heat conduction 
from the hot face. 
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Table 1 — Assumed Material Properties and Operating Conditions 


Emissivity — Gas stream a, =i 
Front surface s,=1 
Back surface ‘ 


Refractive Index — Nonablative material 


Thermal Conductivity — Nonablative material 
K, = 0.000268, 0.0067 Btu-ft/ft?-R-sec 


K,, = 0.000268, 0.0067 Btu-ft/ft?-R-sec 


Gas Stream Temperature, 7, = 5000, 7000, 9000 R 
Ablation Temperature of Ablative Material, T =3000 R 
Initial Convective Heat Flux, g, = 500, 2500 Btu/ft?-R 
Heat of Ablation of Ablative Material — 2000 Btu/lb 
Specific Heat per Unit Volume — Nonablative material 


Initial Nozzle Wall Thickness — 4 in. 

Initial Ablative Material Thickness — 2 in. 
Total Number of Elements — 21 

Number of Elements of Ablative Material — 10 


OOROORAAAEUNNUNDEEENUOOURENNAAEEOONTOUOESELATEREOAAGEEREADIUAORONULTEERREETPEDOOTUAATREREUSDEROULTEEDERTODEEREROTEEECON AT ETAPUUATETEREUU TEER EET EE EA 


LL 


=1 


Ablative material 
8, =, 


— Ablative material 


K,=K, 


C,.,=40 Btu/ft*-R 


Ablative material 
oo, = 40 Btu/ft*-R 
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It has been noted also that the net power to the 
rear face is strongly a function of the gas tempera- 
ture and the refractive index. Increases in both of 
these parameters bring large increases in net power. 
Net power to the rear face is the difference between 
the radiant flux density arriving at the rear face 
and the flux density conducted toward the hot face 
from the rear. This net power is a good measure 
of the rate of ablation. 

The effectiveness of radiative transport in trans- 
ferring heat under the idealized conditions dealt 
with in this study is further brought out by com- 
paring the apparent thermal conductivity of the 
wall to the actual conductivity. Apparent thermal 
conductivity is defined here as the conductivity 
which would have to exist (assuming conduction to 
be the only mode of heat transfer) in order to trans- 
fer the net power to the rear face across the thick- 
ness remaining at the time the nozzle ceases to 
function. The temperature difference involved in 
this transfer is the difference between the hot-face 
temperature and the vaporization temperature of 
the ablative material. Ratios of apparent thermal 
conductivity to the actual conductivities of the 
assumed materials ranged in magnitude from 13 to 
1260. Making this comparison with a material 
(pyrolytic graphite) more favorable to conduction 
than the dielectric solids assumed in this study 
yields ratios ranging from 2.2 to 24. 


>» To Order Paper No. 354A .. . 


from which material for this article was drawn, see p. 6. 
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Surface Finish Helps Cool Flight Vehicles 


Based on paper by 


HOWARD J. SIEGEL 
and DONALD L. KUMMER 


McDonnell Aircraft Corp. 


MAJOR problem in attaining effi- 
cient radiative cooling systems for 
advanced flight vehicles is achieving 
proper values of surface emissivity. 
High emissivity is desired when heat 
flow is to be maximized .. . low emis- 
sivity when flow is to be minimized. To 
illustrate the importance of emissivity: 
a decrease from 1.0 to 0.50 causes an 
approximate 900 F increase in radia- 
tion equilibrium skin temperature at a 
cold wall flux of 150 Btu/sq ft/sec. 
The types of vehicles that can utilize 
radiative cooling systems, and thus 
must have specially treated surfaces, 
include: hypersonic gliders, manned 
capsules, and jet, ramjet, and nuclear 
cruise vehicles. Radiative cooling is 
applicable where exposure time is rela- 
tively high. Then it is favored over 
absorptive systems such as ablation, 
sublimation, or heat sinks. These are 
used for high input short time expo- 
sures, typified by ballistic nose cones. 
Radiative cooling implies that the 
aerodynamic heat input to the vehicle 
is dissipated by radiation from the ex- 
ternal surface of the vehicle. This sys- 
tem is basically simple, reliable, and 
efficient, but places strong require- 
ments on the skin material. The skin 
material, besides having a high emis- 
sivity, must be able to operate at very 
high temperatures. In addition, suffi- 
cient insulation must be provided to 
limit heat flow toward the interior of 
the vehicle. 


Cooling the Mercury 


The cone-shaped Mercury capsule 
uses a radiative heat shield on its sides, 
comprised of the vehicle’s outer wall. 
Since the nickel and cobalt base high 
temperature alloys used in the outer 
skin do not have sufficiently high emis- 
sivity (0.8 required at 1800 F), special 
finishes have been developed for this 
purpose. 

One finish consists of a paint type 
material made primarily of a refrac- 
tory frit type pigment and an inorganic 
binder. Other additions provide tough- 
ness to the air dried film. However, 
extensive use cannot be made of this 
type coating because it is found to be 
prone to handling damage. 

Another finish utilizes oxides of the 
base metal to provide a very thin, ad- 
herent, hard, black surface coating. 
The oxidation is accomplished by heat- 
ing the specially cleaned metal in air 
at 1950 F for 4% hour. The most criti- 
cal portion of the process is the clean- 
ing prior to oxidation. This method 
and the paint type coating produce 
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high emissivity surfaces usable to tem- 
peratures around 2200 F. 


Hypersonic Glider 


Hypersonic glide vehicles utilize 
aerodynamic lift obtained by flying at 
a relatively high angle of attack. This 
subjects the underside and the leading 
surfaces to aerodynamic heating and 
very high temperatures (on the order 
of 2500 F). Various design concepts 
being evaluated for these vehicles all 
use external radiation to a greater or 
lesser degree. 

One approach is to use a refractory 
metal primary structure without any 
insulation or absorptive cooling. Co- 
lumbium base alloys have been selected 
for structural testing. This material 
requires an oxidation protective coat- 
ing which must either possess a high 
emissivity or be compatible with a 
separate high emissivity coating. 

For the first generation of glide ve- 
hicles, the primary materials being 
evaluated for leading edge application 
are siliconized graphite, self bonded 
silicon carbide and W-2 coated molyb- 
denum. Each of these materials, when 
heated in air to high temperatures, 
forms a thin surface coating of silicon 


dioxide which gives oxidation protec- 
tion for the substrate. Emittance 
values for these materials show consid- 
erable scatter, even for the same mate- 
rial. In addition, a downward trend 
has been noted above 2300 F. There- 
fore, means of achieving a higher emis- 
sivity at elevated temperatures must be 
developed. 

The extreme temperatures at the 
glider nose tip require that refractory 
oxides be used for a radiative system. 
Because of the low emissivities of these 
oxides at high temperatures, means of 
increasing their emissivity are under 
study. The approach being taken is to 
incorporate the “dark oxides’ such as 
chromium oxide and cobalt oxide into 
the refractory oxides of interest. 
These “dark oxides” have very high 
emissivity values at elevated tempera- 
ture. When mixed with the refractory 
oxides they will provide an increase in 
emissivity. An example of the gains to 
be reaped is the jump in emissivity 
from 0.65 at 1832 F for normal zirco- 
nium oxide, to a reported 0.80 for a 
thermally blackened flame sprayed 
zirconium oxide. 


Minimizing Heat Transfer 


By using reflective or low emissivity 
surfaces, heat transfer into the vehicle 
can be minimized. This method of lim- 
iting heat transfer has practically the 


continued on next page 
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Electronic Device Measures Imep Directly 


Based on paper by 


S. Ohigashi, |. Higashino, 
and T. Tsukishima 
Osaka City University (Japan) 


N electronic device has been de- 
veloped that gives accurate read- 
ings of imep without conventional p-v 
indicator diagrams. The instrument 
consists essentially of a pressure 
pickup, an electronic device for auto- 
matic calculation of the area of the 
the p-v diagram, and a digital indica- 
tion system (Fig. 1). 
In producing and operating such a 
device, the following points should be 
considered: 


eAn accurate pressure pickup is 
required 

eAn increase in the number of 
pressure samples gives better accu- 
racy. They should be determined, 
however, by taking engine speed into 
consideration, because the maximum 
engine speed at which the imep meter 
can be used is limited by the number 
of pressure samples. 


Fig. 1 — Block diagram of device for measuring 
indicated mean effective pressure. 


e For the meter to be used in high- 
speed engines, the frequency of pulsed 
oscillations should be increased as 
much as possible. 

eA slight error in the crank angle 
at which the pressure is to be sampled 
causes serious numerical errors in 
measuring imep. The crank angle can 
be indicated with sufficient accuracy 
by means of a simple electronic device, 
thereby enabling imep to be measured 
accurately. 


Wi To Order Paper No. T49 .. . 
from which material for this article was 
drawn, see p. 6. 
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Geative Manufacturing Can Meet Consumer Demands 


P. H. PONTA 
f radM tre 
ANUFACTURING development is 
needed to effectively utilize the 
fruits of technology innovation. It 
provides a means for continually im- 
proving facilities, techniques, and proc- 
esses. It helps to find new materials 
to meet the requirements of constantly 
improved engineering. 
Adherence to the following principles 
should help in developing a creative 


manufacturing development program 
which can meet consumer demands. 


1. Manufacturing development ac- 
tivities must be brought into the ad- 


Exhaust Analyzed by Chromatograph Technique 


YDROCARBONS, C, to C,,, in ex- 
haust gases can be measured in 
parts per million concentrations by 
using a four-stage chromatograph and 
a sample preparation technique that 
provides gross separation of hydro- 
carbons from carbon dioxide, water, 
oxygenated derivatives of the hydro- 
carbons, and the light non-hydro- 
carbon gases. Depending upon hydro- 
carbon concentration, from 20 to 100 
milliliters of exhaust samples are re- 
quired. 
Equipment and procedures used to 


Surface Finish 


. continued 


same advantages, applicability and 
problems associated with the maximum 
heat transfer arrangement. Only a 
few metals are sufficiently stable to 
maintain a low emissivity over a wide 
range of conditions. The majority will 
oxidize and thus suffer an increase in 
emissivity. The noble metals such as 
gold and platinum are the most desir- 
able due to their excellent chemical 
stability. Depending upon the envi- 
ronment, silver and aluminum also 
make effective reflectors. Very thin 
transparent protective film may be ap- 
plied, in some cases, over the reflective 
film. Silicone monoxide is a typical 
protective film. When applied in 


100 


vanced or long range product plans of centrally, and within individual divi- 
the company at an early date for ad- sions, must be coordinated by a central 
vanced manufacturing feasibility re- manufacturing development group. 


Views. 5. The objectives and progress of all 
2. A timetable for the estimated manufacturing development projects 
completion date for each manufactur- must be closely reviewed periodically 
ing development project must be estab- in conjunction with a manufacturing 
lished so that its potential application development review board and with 
can be programmed to meet projected top corporate management. 
manufacturing, product, and merchan- 


_ 6. A certain percent of the total 
dising plans. 


manufacturing development budget 
should contain funds to permit inde- 
pendent manufacturing development 
on unassigned projects as an aid to 
promotion of creative thinking. 


3. Good communications must be 
established between manufacturing de- 
velopment, product planning and styl- 
ing, manufacturing and assembly op- 
erations, product engineering and re- 7. Company operating policies should 
search, and outside suppliers. be so constituted that the outside sup- 

4. All manufacturing development Pliers can discuss manufacturing de- 
work performed inside the company Véelopments which they consider to 

have potential and get direction in 
regard to the type of processing which 
may be required to meet future product 
requirements. 


8. Visits by manufacturing develop- 
ment personnel to companies in other 
industries should be a part of stand- 
ard operating procedure so that the 
achieve the above are described and basic principles of such operations can 
typical results illustrated in CRC Re- be analyzed to determine potential ap- 
port 350, “Development of Chromato- plication to the company’s processes. 
graphic Technique for Determination ; 
of Hydrocarbons in Automotive Engine 9. Manufacturing development per~ 
Exhaust Gas.” sonnel should have an opportunity to 

The technique described in the 29- periodically review current production 


age CRC Report 350 was developea Processes through plant visits and 
~y the Seemann of Mines cr seminars to determine where potential 


Station under CRC auspices. improvements appear to be practical 


in the company. 
MB To Order CRC Report 350... MB To Order Paper No. 332B .. . 


from which material for this article was from which material for this article was 
drawn, see p. 6. drawn, see p. 6. 
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residual decomposition product. To 
achieve minimum emissivity the sub- 
strate must have a very smooth sur- 
face which will not oxidize and disrupt 
the reflective film or allow diffusion to 
take place at high temperatures. Such 
a surface is achieved primarily by ap- 
plying a vitreous ceramic coating or 
porcelain enamel to the substrate. The 
reflective film is applied over this coat- 
ing. 

For high temperature applications 
some refractory oxides are potential 
thermal reflectors because, at these 
temperatures, they have relatively low 
emissivities. Aluminum oxide and zir- 
conium oxide have been utilized as 
reflectors in ram jet combustors. Coat- 
ings of these materials are readily ap- 
plied to various substrates by the flame 
or plasma spraying process. 


proper thickness it does not influence 
the reflective or emissive characteris- 
tics of the surface. 

The method of utilizing the reflector 
metal will have considerable influence 
on the emissivity value. The reflector 
material can be utilized as follows: 


1. Polished sheet of the reflector ma- 
terial itself. 

2. Vacuum plated. 

3. Electroplated. 

4. Thermal decomposition film. 


The last method is most promising even 
though the other methods produce 
lower emissivity values, since the others 
have weight or processing limitations. 

Thermal decomposition applied pri- 
marily to gold and is accomplished by 
painting the surface of a suitably pre- 
pared substrate with a solution con- 
taining a soluble gold salt. The 
painted surface is then heated to a [J To Order Paper No. 280E .. . 
temperature where the gold salt de- from which material for this article was 
composes leaving metallic gold as a drawn, see Pp. 6. 
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Fig. 1 — Three multifuel engines are currently being field-tested by the U.S. Army. They are: (left to right) Continental Motors Corp. AVDS- 
1100-P engine; Caterpillar Tractor Co. LVDS-1100 engine; and Detroit Diesel’s 12V71T engine. 


Military Multifuel Engines Now a Reality 


ERROL J. GAY 
‘ yl International Co., Ltd 


riated Fr 
A ated Cir 


Material drawn from an 


SAE Metropolitan Section Paper 


OWERPLANTS that can be correctly 

described as ‘“multifuel engines” 
are now on test in the field by the U. S. 
Army. These engines are designed to 
give required power and fuel economy 
on the Army compression-ignition fuel. 
But they can use normal diesel fuels 
without any significant change in 
power, fuel economy, or durability. If 
and when the cetane number of JP-4 
or JP-5 is above 30, these fuels can also 
be used. 

Under dire emergency these engines 
can be run on gasoline by the addition 
of oil to provide the necessary ignition 
nuclei. While this might not give 
enough power to permit engagement in 
combat, it would at least permit mov- 
ing equipment out of a danger zone. 

Three such multifuel engines are be- 
ing field tested. A Continental Motors 
Corp. 500-hp engine; a Caterpillar 
Tractor Co. 500-hp engine; and a mili- 
tary version of a new production line 
of “V” engines by GMC’s Detroit Die- 
sel Engine Division. The Continental 
and Caterpillar designs are in the pro- 
totype stage. Both of these companies 
are completing production designs for 
similar turbocharged engines of 350 hp 
and 425 hp net. 

It is not anticipated that any major 
problems will be encountered by any 
of these engines in running on Army 
compression-ignition fuel. (Table 1 
shows the detailed specification of the 
referee- or prototype-grade fuel used 
by the Army for vehicle and engine 
testing. The specification now in use 
is known as, “Fuel Oil, C. I. Engine, 
Referee-Grade MIL-F-45121A.” The 
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Ordnance Laboratory at Southwest Re- 
search is currently in the midst of an 
investigation of the effect of fuel con- 
stituents on the ignition characteristics 
of compression-ignition fuels.) 
Compression-ignition fuel, in fact, 
holds much promise. It may even be- 
come the major source of energy for 
Army engines in the 1960-1970 period. 
It is to be preferred over gasoline for 
the lower horsepower range of com- 


ASTM Distillation, F: 
Initial Boiling Point 
10% Evaporated 
50% Evaporated 
End Point 

Total Sulfur, % by weight 

Aromatics, % by volume 

Gum, Existent, mg/100 ml 

Freezing Point, F 

Cetane Number 


* Proposed production fuel limits. 
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Table 1 — Fuel Oil for Compression-Ignition Engines — 
Referee Grade (MIL-F-45121A) 


Minimum 
130 
200* 
300 
450 

0.25 


si 108 
35* 40 


pression-ignition engines; and its freez- 
ing point and cold-weather handling 
characteristics are much better than 
those of diesel fuels. 

In due time, we may see a logical and 
practical application of gas turbines to 
Army use. 


Mi To Order Paper No. $289 .. . 
from which material for this article was 
drawn, see p. 6. 


Maximum 
160 
260 
360 
5274 

0.54 
25* 


— 674 
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FUEL MAKEUP Affects Combustion Smoothness 


n paper by 


D. W. FELDMAN 
Standard Oil Co. (Ohio) 


NE CONCLUSION of recent studies 

on the effect of fuel components 

on combustion smoothness: Pressure 
pickups sensing the rate of pressure 
rise readily detect the combustion as- 
sociated with rumble. The modified 
signal of a vibration pick-up mounted 
near the front main bearing of the 11:1 
compression ratio GM Research engine 
was a good indicator of the combustion 
associated with rumble and also knock. 


sCounting the incidence of high pres- 


sure rise rates or vibration signals over 
a fixed period was a _ satisfactory 
method of rating fuels. 

The best blending stocks in ternary 
blends of heavy cat., reformate, light 
cat. distillate, and light alkylate were 
found to be the reformate and alkylate, 
the cat. distillate was the worst. Tol- 
uene produced very rough combustion. 
Xylene, however, was nearly as smooth 
as Iso octane. 


WB To Order Paper No. 379G .. . 
from which material for this article was 
drawn, see p. 6. 





LA Aircraft Exhaust 
Deemed "No Problem’ 


ELATIVE magnitude of exhaust 

emissions from aircraft in the Los 
Angeles area is such that no further 
immediate study of air traffic in the 
vicinity is warranted, a CRC study 
shows. Conclusions are based on ex- 
haust gas data obtained from factory 
test engines and projected for 100 
take-offs and 100 landings (average 
traffic per day in mid-1960 at Los 
Angeles International Airport). 

To give the most severe air pollution 
picture possible, the CRC Study Group 
assumed all aircraft were either 707’s 
or DC-8’s. Estimates made of total 
emission generated by commercial 
aircraft during a 24-hr period are 
based on average time periods for 
engine start to take-off, take-off to 
3000 ft to touchdown, reverse thrust 
time, and taxi time to shutdown. 

Total emissions computed using ap- 
propriate air flows and the maximum 
gas concentration found for any fac- 
tory test engine would contain: 


Total Emission 
Ib/day 


2074 
1022 

129 
3485 


Gas 


Hydrocarbons 

Oxides of nitrogen 
Hydrocarbon oxygenates 
Carbon monoxide 


For comparison purposes, Air Pollu- 
tion Control authorities have estimated 
that emissions from automotive ex- 
haust in the LA area total about 1.84 
<x 10° Ib per day of hydrocarbons and 
about 0.86 x 10° lb of nitrogen oxides. 


Wi To Order CRC Report 351... 
from which material for this article was 
drawn, see p. 6. 


Topliner Combines 
Insulation and Trim 


N. P. KIMBERLY 


John 


; 


Manville Sales Corp 
ITH the finding of a method to 
affix trim fabric to glass fiber 
insulation, a molded topliner is now 
being produced which combines the 
insulation and trim fabric in a single 
unit. 

The trim fabric, which is a fiber 
glass textile, is stretched over a hold- 
ing frame. Over this is placed a poly- 
ethylene film and then two layers of 
uncured fiber glass insulation (approxi- 
mately 80% glass, sprayed with 20% 
phenolic resin by weight). This sand- 
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wich is placed between heated molds 
and with the closing of the press under 
heat and pressure the phenolic binder 
cures and the combination takes a 
permament set. In the process, the 
polyethylene becomes the thermoplas- 
tic mechanical bond between the trim 
fabric and the insulation pad. 

After the unit is removed from the 
mold it is trimmed to final size and 
holes are punched for dome light, sun 
visors, and coat hooks. It is then 
ready for assembling to the body roof 
by inserting through the windshield 
aperture into a J-section molding along 
the side rail. The molding and the 
topliner are then snapped as a unit 
into a second position which holds it 
tightly against the roof. 


Mi To Order Paper No.321C ... 
from which material for this article was 
drawn, see p. 6. 


Amphibious M-113 
ls Air-Dropable 


port of talk by 


pO 


P. S. DEVIRIAN 
hief Product Engineering 


esenrec 
th R yi 


S 1 Bay Division Meeting of Northern 
California Section 

HE first of the M-113 family of high- 

speed, amphibious, airdropable, com- 
bat and missile support, tracked vehi- 
cles rolled off the production line in 
February, 1961 . . . following three-yr 
testing at Food Machinery’s Ordnance 
Division and Government proving 
grounds. 

M-113’s armor-plate aluminum hull 
is fabricated with “jig” type joints and 
inert gas welding. Precision routing 
and use of high-speed, diamond-edged 
rotary saws in cutting the 1% in. alu- 
minum, minimize gaps and misfits. 
Magnesium castings are used for dif- 
ferential housings and transfer cases. 
The vehicles are powered by Chrysler 
361 cu in. (200 hp) engines coupled to 
six forward speed Allison torqmatic 
transmissions. Final drive is through 
spiral bevel gears. Steering ease is 
achieved by a special control differen- 
tial which feeds power laterally to the 
final drive units. Riding ease and 
speed over rough terrain are provided 
through a combination of torsion bar 
and shock absorbed suspension on five 
pairs of 24 in. aluminum disc wheels 
(steel wear rings) running on a 15 in. 
wide track. Inner wheels are mounted 
with torsion bars and front and rear 
wheels are shock mounted. Rear idlers 
are adjustable. 

Aberdeen Proving Ground tests 
showed that the M-113 personnel car- 


rier has a top speed of 41 mph; can 
make a complete right or left turn 
within a 43 in. circle; can ascend a 24 
in. vertical wall; handles easily on a 
30% side slope, where it can maintain 
a speed of 4 mph; and has a track life 
near 4000 miles. 

Modifications of the M-113 show 
promise as surf carriers; vehicles for 
inland water operation — it swims at 
a speed of 3.5 mph; carriers for vigi- 
lance weapons and small rockets; high- 
speed, maneuverable tow vehicies for 
larger rockets; as well as personnel and 
cargo carriers. 


ls “Maintenance” 


Prepared for 
New Truck Design? 


Based on talk by 


LEWIS C. KIBBEE 


American Trucking Associations 


Material drawn from an 


SAE Salt Lake City Group presentation 


ECASTING MAINTENANCE IDEAS 
—to meet radical truck design 
changes resulting from Governments 
some $27,000,000 expenditure on about 
14,000 miles of interstate highways 
in the next 14 years—is a must for 
fleet maintenance departments. 
Foreseeable within the next two 
years is replacement of the piston 
engine with the gas turbine. 
Sizes and weights will be increased 
. and already under consideration 
for standards are: 


Country 
or regular 
13% ft 
35 ft 
40 ft 


Interstate 


15 ft 
40 ft 
45 ft 


Height 

Length 

3 axles 

Tractor /semi- 
trailer 

Doubles 

Width 


60 ft 
100 ft 
108 in. 


60 ft 
65 ft 
102 in. 
plus allow- 
ances for 
mirrors, etc. 
24,000 lb 22,400 lb 
40,000 36,000 


Fail-safe braking — and a minimum 
50 ft stopping distance from 20 mph 
will be specified. More robust ap- 
pendages will be required to withstand 
the sustained higher speeds of 25 mph 
on a 2% grade, 20 mph on a 3% grade, 
and 50 mph on level ground. 

And facilities will need remodeling 
or replacement to accommodate ex- 
pected changes in tires, turning radius, 
and garage doors. 


Axle weight 
Tandem 
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Types of VTOL Aircraft 


UNDUCTED 


DUAL 


HIS CLASSIFICATION of the 
various configurations of VTOL 
aircraft emphasizes the fact that 
the “best” configuration for all 
purposes has not yet been devised. 
At present, configurations using 
rotors are most efficient for hover- 
ing but, because their drag in- 


PROPELLER 


creases rapidly at higher speeds, 
tremendous power is required to 
increase speed to a top limit of 
something like 300 knots (344 
mph). Other configurations have 
more reasonable high-speed power 
requirements, but use fuel at a 
fantastic rate during hovering or 


slow-speed flight. 


Material drawn from SAE Chi- 
cago Section paper No. S286, by 
THOMAS C. MUSE, director of 
aeronautics, Office of the Director 
of Defense R&E. To order, see 
p. 6. 
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Monorail Can Lick Rapid Transit Problem 


Based on paper by 
L. F. CHADENSON and 
J. L. BOURGOIN 


Société Anonyme Francaise d’Etudes, 
de Gestion et d’Entreprises 


SE of rubber tires and small super- 
structures has overcome the two 
great drawbacks to monorail and other 
overhead transportation systems — un- 
bearable noise and cluttered streets. 
The monorail, therefore, offers a solu- 
tion to the problem of mass transpor- 
tation which is now blocked either by 
congested surfaceways or by the ex- 
horbitant cost of underground con- 
struction. 

Experience with the Paris under- 
ground system has proved the feasi- 
bility of using rubber-tired wheels. 
They permit rapid acceleration and de- 
celeration and high commercial speeds. 
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Capitalizing on the advantages of 
rubber tires, the monorail superstruc- 
ture now developed has the vehicles 
suspended from their bogies, which are 
running inside their guiding and rolling 
track. The track is a beam having in- 
side and outside sections in the form 
of squares with 50- and 70-in. sides, 
respectively. The box-girder construc- 
tion of the beam permits the use of 
25-30 m crossing spans, which can rest 
on 30—31-in. diameter supports. 


Problem of Switching 


A monorail with suspensions in the 
central vertical plane of longitudinal 
symmetry of the car bodies (not in the 
lateral plane) allows switches to be 
used of the same design as found on 
conventional railways except that they, 
like the cars, are placed upside down. 
The first switch experimented with had 
an operating cycle of 6 sec; the im- 


proved model is lighter and the cycle 
will not exceed 4 sec. 

Experience gained in the Paris sub- 
way has proved that a bogie running 
on rubber-tired wheels and guided by 
rubber-tired wheels is substantially 
without nosing effect. This applies to 
maximum speeds of 37 mph in the sub- 
way. The results have been verified 
with a suspended vehicle under speeds 
of 62 mph, and shortly experimental 
speeds will be raised to 75 mph. 

Tests carried out on an experimental 
line show that gravity is always favor- 
able to stability. The monorail is 
stable in all speeds and in the face of 
disturbing forces — incidental uneven- 
ness of the track, asymmetrical loads, 
or lateral winds. 


Wi To Order Paper No. 266C .. . 
from which material for this article was 
drawn, see p. 6. 


103 





Unique Manufacturing 
Methods Meet 
Specific Industry Needs 


Based on report by panel leader 


R. G. GOMIEN 


rr r Tractor Co 
tert lar ifa Or _O 


LECTROLYTIC grinding, spline roll- 

ing, impact machining, and special 
purpose production tools are among 
the new and unique manufacturing 
processes being used today. Often 
they represent the most efficient tech- 
nique for doing a specific job. 


Electrolytic Grinding 


Electrolytic grinding is being used 
for stock removal of carbides, steels, 
and some of the newer exotic metals. 

One unique application of this proc- 
ess is the sharpening of hypodermic 
needles. The penetrating edge of the 
needle can be varied from smooth to a 
ragged edge depending on the manu- 
facturer’s standard or customer’s re- 
quest. 

A new machine, developed by Anocut 
for shape forming through-holes or die 
sinking, removes stock at rates about 
three times that of normal spark gap 
machines — but it must be remembered 
that material removal is in relation to 
the amperage used. 


Spline Rolling 


Much work has been done to provide, 
as a standard for industry, the 30 deg 
and 3742 deg splines. These are needed 
to provide a machinable spline for the 
harder materials used today. An ap- 
pendage to the ASA standards has 
been accepted and is now recognized 
as the standard for splines. 

A new type size control for rack 
shaving features a built-in taper in the 
rack. Rough and finished teeth can 
now be produced in the rack for better 
size control. 

Strain gage measurement of the 
spline rolling machines is effective 
during the rolling cycle for checking 
the efficiency of the machine. This is 
specially true on the harder materials. 

Throwaway racks have been devel- 
oped that are triangular in shape and 
can be indexed when dull. 

A burnishing roll can be used ahead 
of the spline rolling machine to control 
the major diameter of the spline. This 
makes possible the opening up of turn 
tolerances for tracer lathe application. 
The only problems so far in this dual 
process is taper control of the burnish- 
ing 


Impact Machining 


Impact machining is being used to 
cold extrude metals that were formerly 
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necessary to completely machine. The 
process depends on the ability of the 
metal to flow under cold-working pres- 
sures and speeds at room temperature. 

This process is used for production of 
the Navy’s Mighty Mouse rocket. Use 
of impact machining provided cost re- 
duction through: reduction of material, 
elimination of machine operators, and 
downgrading of the types of materials 
used. 


Production Gadgets 


A number of fixtures and tools are 
reducing costs through reduced man 
and machine hours. 

One of these uses a balanced high- 
speed air spindle with a small grinding 
wheel to remove burrs on ends of gear 
teeth. 

Lead chamfer machining using a 
special hob saved 736 hours of burr re- 
moval time and 221 hours of machine 
time on one job. 

Roll burnishing and machining for 
roll burnishing is providing improve- 
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ment in surface finishes and size con- 
trol. 

Based on report of discussion at 
panel on Unique Manufacturing Proc- 
esses — Robert Gomien, Chairman. 


Question Equipment for 
Better Return on Assets 
Based on report by secretary 


CHARLES EMERSON 
American Machini 
Manufacturing” 


t/Metalworking 


QUIPMENT REPLACEMENT in the 

automotive field most often hinges 
on new-model production planning. 
A new demand by the production de- 
partment will usually mean new ma- 
chines, especially when special equip- 
ment is required. Usually, the par- 
ticular plant manager is responsible, 
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Novel Driveline Features 


Based on paper by 


F. F. TIMPNER 


on, GMC 


tiac Motor Divi MC 

HE Tempest driveline has four dis- 

tinguishing characteristics: 

e It is a long, thin torsion bar. 

e It accommodates the misalignment 
of engine and transaxle by bending in 
a circular arc. 

e The torque transmitted is uniform 
and has no second order disturbance 
added as have universal joints. 

e Its torsional flexibility isolates en- 
gines harshness. 

The installed driveline, as shown in 
Fig. 1, has a flanged front end which is 
attached with six bolts to the flywheel 
on automatic transmissions models, 
and to the clutch driveshaft on syn- 
cromesh models. The rear of the shaft 
is splined to the transmission input 
shaft. Two bearings in the transmis- 
sion extension, in combination with the 
crankshaft bearings, apply an end 
moment to bend the shaft into an arc. 
The shaft is SAE 8660 steel, heat 
treated and shotpeened for high fa- 
tigue strength, and coated for corro- 
sion protection. 


Positioning the Torsion Bar 


Two ball bearings, sealed and lubri- 
cated for life, are attached to the shaft 
at the 4% points. They are press-fitted 
over plastic-lined steel sleeves; rubber 
insulation encases them to provide 


isolation from noise. They do not hold 
the bar in the curved position. The 
last operation on the shaft assembly 
is tightening the two torque-tube, 
through-bolts to squeeze the rubber 
case. This ensures that the bar is in 
its natural position with no load on 
the bearings. Their only purpose is to 
control the second critical speed (sec- 
ond mode bending vibration). 


Driveline Stress 


The driveline is stressed in both 
torque and bending. For the 0.65 di- 
ameter shaft used in the automatic 
transmission model and with 200 lb-ft 
torque the torsional stress is 45,000 psi. 
The bending stress is independent of 
engine torque and is completely re- 
versed with each revolution of the 
shaft. The magnitude of the stress 
will depend on the manner in which 
the bar is bent. If the bar is bent as a 
cantilever, the bending moment (and 
therefore stress) varies from zero at 
one end to a maximum at the other. 
If the bar is bent into a circular arc to 
give the same chordal height as the 
cantilever, the bending moment will be 
uniform throughout the length and 
will be only 50% of the maximum 
moment of the cantilever. The Tem- 
pest drive line is designed to be a cir- 
cular arc. 


Wi To Order Paper No. 320A ... 
from which material for this article was 
drawn, see p. 6. 
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not only for the results, but for initiat- 
ing new-equipment purchases and for 
justifying their cost; and company 
controllers often keep an eye on re- 
placement over his shoulder, so he 
has to be sure his plans are good. 
Though the trend is toward automa- 
tion, there are many times when the 
best manual method (meaning manual 
work plus mechanization, but not auto- 
mation) cannot be improved on; and 
there are many cases where improved 
methods, fixtures, and tools on the 
existing capital equipment can make 
as sharp an improvement in output as 
new equipment alone. 

Replacement can be put on a book- 
keeping basis, where investment and 
rate of return can be calculated; but 
there is always a point where uncertain 
return over several future years (and 
the return may easily change from 
year to year) must demand a much 
higher return to be worth the risk. 

Actual replacement programs are 
often not based on economic justifica- 
tion; sometimes new equipment is re- 
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quired for plant expansion; sometimes 
for competitive reasons; and in some 
cases it is simply required to allow the 
manufacturing company to stay in 
business. 

One point to consider when planning 
replacement is the improvement factor; 
actual realized savings with new equip- 
ment are often much higher than 
calculated because familiarity and 
skills improve with equipment use. 

Some replacement plans work on a 
deadline basis — any machine over 20 
years old, for example, must be justi- 
fied to be kept. Some companies have 
expedited the problem of getting rid 
of old (or unused) equipment by cir- 
culating memos between divisions, list- 
ing equipment that can be had for 
shipping charges, or for cost plus 
present value. 

Regardling taxes; many businesses 
do not presently take full advantage 
of all possible tax credits. One thing 
not to miss is possible changes in taxes 
based on investment programs. 

Based on report of discussion at 
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TOP VIEW—SYNCHRO-MESH APPLICATION 


RETAINER 
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ARING 


Fig. 1 — Driveline installed in car. 


JULY, 1961 


Replacement 
chair- 


panel on Equipment 
Pointers — Anderson Ashburn, 
man. 


Tracking Down Tire 
Thump and Roughness 


Recad 
based 


H. S. RADT, JR. 


Cornell Aeronautical Laboratory, Inc. 


on paper by 


NVESTIGATION into the mechanism 

of tire thump and roughness at the 
Cornell Aeronautical Laboratory has 
led to the following conclusions re- 
garding these annoying phenomena: 

Only sound and vibration frequen- 
cies which are integral multiples (har- 
monics) of the wheel frequency are 
significant to thump and roughness 
phenomena. 

Beating between only two sound 
harmonics to explain thump and 
roughness is discounted because of 
the presence of all of the harmonics 
up to the 15th in the sound, wheel 
motions, and body vibrations. There 
appears to be no pronounced pairs of 
harmonics; instead there is a group 
of harmonics, each contributing to the 
sound and vibration. 

Of the harmonics present, the 4th 
through the 9th are significant to 
thump, the 4th through the 15th 
significant to roughness. Harmonics 
above the 15th are generally negligi- 
ble in both sound and vibration. The 
first three harmonics can be omitted 
from consideration because (1) the 
corresponding frequencies are below 
the audible range, and (2) the points 
in the car in contact with the passeng- 
ers probably do not vibrate signifi- 
cantly at these low frequencies. 

Thump sound intensity is deter- 
mined by (1) the amplitude of modu- 
lation of the sound pressure wave, 
and (2) the sharpness of the sensa- 
tion, or the sharpness of the increases 
and decreases of the modulation en- 
velope of the sound pressure wave. 

Roughness intensity is also depend- 
ent on the modulation envelope, but 
the envelope appears differently at 
high and low speeds. There are two 
modulations of sound-pressure-am- 
plitude per wheel revolution at low 
speed. At higher speeds, the roughness 
impression is produced by a one-per- 
wheel revolution, sound-pressure-mod- 
ulation. The impression of rough- 
ness, rather than thump, is produced 
because of the repetition at a higher 
rate, corresponding to the higher 
wheel-revolution rate. At intermedi- 
ate speed (40 mph), distinction be- 
tween thump and this second type of 
roughness is difficult and depends 
upon the observer’s ear and on the 
general noise level in the car. 


Wi To Order Paper No. 322C .. . 
from which material for this article was 
drawn, see p. 6. 
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Based on paper by 


E. J. SYDO 


Chrysler Cort 


HE use of thermosetting or struc- 

tural adhesives is increasing. Some 
of the more popular types are: 

Phenol-formaldehyde resins are be- 
ing used by the wood industry in the 
fabrication of plywood and for the 
joining of thicker sections to form 
laminated beams which will be exposed 
to water. The bond is usually formed 
by the hot pressing method. The tem- 
perature limitations of the wood, how- 
ever, prevent the use of a fast cycle in- 
volving high temperatures. In the 
bonding of thin plywood, hot pressing 
at 280 F for 5 minutes at a pressure of 
200 psi is the usual cycle. 

Phenolic resins have been used to 
join metals. These resins, however, 
show a small but significant volume 
decrease during the thermosetting op- 
eration. This condition can set up 
high stresses in the bond reducing ex- 
pected strengths. The cured phenolic 
resins also are quite brittle and sharp 
impact loading can result in bond fail- 
ure. 

Epoxy resins containing latent cata- 
lysts are receiving favorable attention 
for metal-to-metal bonding. Although 
heat is necessary to initiate the reac- 
tion, the elimination of mixing, pro- 
longed “pot life,” and the high strength 
of the bond are advantageous to the 
user. Unless specially compounded, 
the epoxy film is quite brittle, resulting 
in low impact resistance. The room 
temperature curing epoxies are not 
recommended for service above 200 F. 
The temperature resistance can be ex- 
tended to 300-400 F, however, by 
proper formulation and selection of the 
catalyst. 

Nitrile-phenolic adhesives (com- 
pounds of oil-resistant butadiene- 
acrylonitrile synthetic rubber and 
phenol-formaldehyde resins), when 
properly cured, have well-balanced 
characteristics of high strength at ele- 
vated temperature and impact resist- 
ance. These adhesives require 25 min- 
utes bonding time at 350 F and a 
pressure of 200 psi. A typical shear 
strength test will have values of 2500 
psi at room temperature; 900 psi at 400 
F; and 450 psi at 600 F. More than 100 
million brake linings have been bonded 
to shoes with these adhesives without 
a single major brake failure attributa- 
ble to the bonding process. 

Nitrile-phenolic liquid cements have 
limited shelf life when stored at room 
temperature. Refrigerated storage is 
frequently provided unless the mate- 
rials are to be used up within two to 
six months. 

Cyanoacrylate adhesive is a new ad- 
hesive which, because of its composi- 
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tion, can be catalyzed by water among 
other agents. When very thin films 
are exposed to air for about a minute, 
enough moisture is absorbed from the 
air to start the reaction. Finger tip 
contact pressure for a few minutes will 
form a bond with shear strengths up to 
1000 psi. After aging for 24 hours, 
strengths are said to rise to about 3000 
psi. Technically, the major limitations 
are its low order of impact resistance, 
low water resistance, and a significant 
loss of strength above 200 F. 


Mi To Order Paper No. 330B .. . 
from which material for this article was 
drawn, see p. 6. 


CUTTING COSTS in 
Multi-Stop Truck Fleets 


Based on paper by 


JAMES A. GARFIELD 


The }. L. Hudson Co 


OSTS can be cut in many ways to- 

day in maintenance and operation 
of a multi-stop vehicle fleet. Among 
these ways are: 


e Have drivers turn off engines at 

every stop. 

e Keep tires correctly inflated. 

e Use a truck undercoating suitable 

for the vehicles operating conditions 
. . or use aluminum or plastic bodies. 


Turning off the ignition key at every 
stop can cut operating costs — despite 
arguments to the contrary. If the 
stop is longer than 11 sec, J. L. Hudson 
records indicate, turning off the igni- 
tion will result in a substantial saving. 
During 1960, for example, the J. L. 
Hudson fleet saved $12,000 in gasoline 
consumption because they asked 
drivers to turn the key “off’’ at every 
stop. 

At present, Hudson is investigating 
a switch which automatically cuts off 
the engine every time the driver stands 
up to get out of his truck. When he 
gets back in, his weight on the seat 
turns on the ignition. This switch 
originates with the Carnation Co. in 
Los Angeles. 

Correct tire inflation also is a cost 
cutter. If inflation drops 10% below 
the recommended pressure, a 5% loss 
of mileage comes about on the under- 
inflated tire. If the inflation is only 
70% of that recommended, tire life loss 
can mount as high as 30%. 

Corrosion resistance for the under- 
body, another sure means of holding 
costs down, requires the particular 
type of undercoating best adapted to 
the particular truck’s operating con- 
ditions. 

In Detroit, for example, a chemical 
used on the streets in winter eats away 


the metal bodies of the _ vehicles. 
Ordinary undercoating was not satis- 
factory. So, J. L. Hudson has gone to 
Rust-Oleum where steel bodies are 
used. (Some of the more conventional 
undercoatings, it has been found, actu- 
ally attract moisture and trap salt- 
laden dampness which causes rusting. 
In addition, too heavy consistency does 
not always allow ordinary undercoat- 
ing to reach all of the possible exposed 
underparts of the truck.) 

Another way to combat costly cor- 
rosion, of course, is to specify alumi- 
num or plastic bodies when you buy 
new trucks. Such units neither rust 
out nor deteriorate as quickly as other 
type bodies. (In 1948, J. L. Hudson 
put into operation two parcel trucks 
with aluminum bodies. They were 
sold in 1960, chiefly because the rest 
of the trucks were worn out. The 
bodies were still in good shape.) 

Clues for cutting costs in operation 
and maintenance of multi-stop vehicles 
are endless. Many, many other areas 
—in addition to those noted here — 
are worth exploring. 


Wi To Order Paper No. 360C .. . 
from which material for this article Was 
drawn, see p. 6. 


Flexibility Needed in 
High Output Machine Tools 


Based on report by secretary 


RUSSELL C. JOSEPHSON 
A. O. Smith Corp 


HREE areas of flexibility desirable 
in high production machine tools 
are the ability to: 


1. Adapt and change a ma- 
chine with reasonable ef- 
fort. 

2. Do a large number of 
cifferent operations on a 
single machine. 

3. Process a number of dif- 
ferent parts. 


The ability to adapt and change a 
machine with reasonable effort is an 
absolute must where product changes 
occur with any frequency. 

If a milling, boring, or broaching 
operation is part of a process, produc- 
tion machine tools must be flexible 
enough to handle this type of opera- 
tion, even though it is far different 
from other operations being performed 
in the machine. 

The ability to process a number of 
different parts over a single machine 
is becoming more necessary as the 
variety of parts produced by machine 
tools is continually increasing. 


Achieving Flexibility 


Flexibility is best provided by stand- 
ardization of machine design, basic 
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dimensions, and tolerances. 

Standardization of machine design 
results in the same approach being 
used in the solving of different types 
of design problems. 

Standardization of basic dimensions 
results in machines with basic capaci- 
ties which can handle any parts which 
are dimensionally within that capacity. 

Standardization of tolerances, to- 
gether with the other factors, results 
in complete interchangeability of parts 
between stations of a machine and be- 
tween machines themselves. 

SERVING on the panel Securing 
Maximum Flexibility of Production 
Equipment, in addition to the panel 
secretary, were: panel leader Sigurd 
Rudorf, A. O. Smith Corp.; Kurt Tech, 
Cross Co.; Duane Brighton, Caterpillar 
Tractor Co.; J. J. Bennett, Chrysler 
Corp. 


Why Supersonic Jet 
Fuels Will Cost More 


Based on paper by 


W. G. DUKEK 
Esso Research & Engineering Co 


Material drawn from an 
SAE Metropolitan Section Paper 


IGH-TEMPERATURE thermal sta- 

bility, extreme density, and high 
paraffinicity, or requirements for the 
low-temperature characteristics of cur- 
rent fuel, are the quality features of 
supersonic fuel which are likely to add 
materially to its cost. 

One of the best compromise fuels in 
terms of volatility, density, and par- 
affinicity is ASTM Type A commercial 
kerosene similar to products being 
marketed for subsonic jets, with the 
added quality of superior thermal 
stability. Such stability might be had 
within the framework of a limited cost 
increase by a combination of appro- 
priate feed stock selection, minimum 
processing, and additives. 

Most quality factors are related to 
fuel composition and tend to be in- 
terdependent. For example, proc- 
esses to improve Luminometer Number 
or Btu/lb are apt to improve thermal 
stability as well. For this reason, 
fuel costs cannot be predicted in terms 
of one quality variable alone. 

The volatility selected will not be a 
major cost factor because the demand 
for fuel is small relative to the demand 
for all petroleum products. A shift 
from one boiling range to another can 
be effected without serious curtail- 
ment in availability. However, the 
most desirable feedstocks appear to be 
in crude coming from outside the 
US., thus entailing somewhat higher 
processing or transportation costs. 

It may be necessary to make com- 
promises in supersonic transport de- 
sign to keep fuel costs from rising 
beyond the modest increase suggested 
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Automated Device 
Speeds Electrical Testing 


Based on paper by 


H. H. RUGG 


Sperry Gyroscope Co. of Canada, Ltd. 


TAPE-CONTROLLED, automatic 

electrical tester has been developed 
to perform simple tests conventionally 
carried out by a human being. It is 
essentially an automated volt-ohm- 
meter which operates on a “Go, 
No-Go” basis and performs the follow- 
ing tests at a rate of 120-150 per min: 

D.C. Voltage 

A.C. Voltage 

Resistance (Low-Continuity) 

(Intermediate) 
(High-Leakage) 

Impedance 

A.C. Polarity 

A simplified block diagram of the 
tester is shown in Fig. 1. All program- 
ming data are punched on the tape. 
From all the circuit points in the prod- 
uct, 600-2400 or more, two points are 
selected for test and connected into a 
measuring circuit which has been set 
up by the tape for the type of test and 
then for the test limits. 

The comparator determines if the 
test is passed or failed and gives a ““Go”’ 
or “No-Go” indication on panel lamps. 
It also advances the tape to the next 
test if a “Go” is obtained or, if a 
“No-Go” appears, the identifying num- 
ber of the failed test is recorded either 
manually or automatically by a printer, 
and the test is resumed. 


Tape Characteristics 


The tape is conventional 1 in. 8- 
channel size, although only the four 
channels required for conventional 
binary-decimal coded numerics are 
used. In this system, holes have the 
values 8-4-2-1 and any number from 
zero to nine can be coded by a combi- 


Fig. 1— Block diagram of automatic electrical 
tester which can perform a variety of tests at a 
rate of 120-150 per minute to cut testing costs 
substantially. 


nation of these. A complete test block 
uses 25 lines of tape, representing 25 
decimal numbers. Five lines are re- 
quired for each of the two selected 
points, five for the type of test, five for 
the test value, and five are available 
for controlling the unit under test. 
With one registry hole added, one test 
represents 2.6 in. of tape. 

Points for testing can be selected at 
random, as programmed on the tape, 
by use of crossbar switches. Any single 
point is selected from 600 to 2400 or 
more input points in less than 40 
millisec. In leakage tests for cable 
harnesses, one wire can be tested for 
faults to all other wires on the same 
harness to detect bits of solder, strands 
of wire shorting connector pins to- 
gether, or break down of insulation. 
And it takes only a fraction of a sec- 
ond. 


Advantages of Speed 


Compared with a human operator, 
an improvement in speed of 100/1 is 
possible with the automatic tester. 
But if allowance is made for time taken 
to connect the product to the tester, 
and for the slower rate of tests that 
fail, the test time reduction is about 
15/1. 


MB To Order Paper No. 331C .. . 
from which material for this article was 
drawn, see p. 6. 
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by some manufacturers. For example: 


e Insulation of tanks to reduce in- 
side skin temperature would reduce 
thermal stress and minimize the ther- 
mal stability improvement needed in 
the fuel. 

e Using ram air coolers where pos- 
sible to supplement fuel coolers could 
reduce the fuel heat sink load and 
perhaps thermal stress. 

e Selecting an engine lubricant for 
operation at a higher bulk tempera- 
ture would minimize the amount of 
fuel heat exchange needed and might 
be a cheaper solution than a more 
expensive fuel. 

eInerting systems are needed for 
fuel tanks to minimize the possibility 
of spontaneous ignition in the vapor 
space. A complete system may reduce 


vapor phase oxidation reactions ex- 
pressing themselves as varnish de- 
posits on tank walls. 


Thermal stability considerations in- 
dicate the need to handle supersonic 
fuels under superclean conditions to 
avoid contamination. While this im- 
plies the necessity for a segregated 
fuel system, it is possible that addi- 
tional cost would be needed for super- 
clean, fuel/separator operations. This 
might be tolerable if a fuel system 
common to all aircraft were adopted. 
In other words, the cost of superior 
fuel handling might be offset by sav- 
ings in avoiding a segregated system. 


Mi To Order Paper No. $288 . 


from which material for this article was 
drawn, see p. 6. 
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continued from page 6 
volved; design of individual compo- 
nents to effect noise and vibration 
control and tuning in unitized vehicle, 
recirculating roller bearing spline, and 
rubber elemerit used. 


New Concepts in Drivelines, J. A. 
KAYSER. Paper No. 320E. Implica- 
tions of trend for low silhouette vehi- 
cle; to develop drive shaft that permits 
smooth transmission of torque at ex- 
treme angles use of double cardan con- 
stant velocity joint is applied; three 
basic parameters determining joint 
angle limitations; 1961 Continental 
propeller shaft assembly; use of anti- 
friction recirculating needle bearing 
spline at transmission output position, 
double-cardan constant-velocity joint, 
rubber element tubular assembly for 
detuning purposes and necked down 
solid shaft section for clearance. 


Tire Uniformity Grading Machine, 
Vv. E. GOUGH, C. W. BARSON, 8. W. 
GOUGH, W. D. BENNETT. Paper No. 
322A. When tolerances become small, 
grading machine is required to evalu- 
ate them; machine developed by Dun- 
lop Rubber Co. Ltd.; test procedure 
adopted; sign convention used in con- 
junction with motions of vehicle; cor- 
nering force and aligning torque data 
for two steel rigid breaker tires; tire 
inspection machine can be used as 
grading machine, as means of assessing 
improvements due to process changes, 
and as production check. 


Piston Ring and Cylinder Wear 
Measurements Illustrate Potential and 
Limitations of Radioactive Technique, 
J. J. GUMBLETON. Paper No. 324A. 
Paper shows how basic nature of wear 
places practical limitations on use of 
technique which, however, can be of 
assistanee in measurement of engine 
wear if properly applied, fully realiz- 
ing both its advantages and limita- 
tions; wear measurements and varia- 
tion of data; effect of engine 
parameters. 30 refs. 


Analysis of Torque Losses in Flat- 
Faced Gasketed Joint Designs, E. M. 
SMOLEY, F. J. KESSLER. Paper No. 
324B. Seven factors or variables that 
can affect torque wrench measurement 
and, therefore, gasket-loading condi- 
tions; details of simple flange test for 
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torque loss, used at Armstrong Cork 
Co., Lancaster, Pa.; it is shown quanti- 
tatively to what degree basic factors 
affect torque loss measurement, and 
where some of simpler techniques of 
analytical statistics can be used to 
analyze torque data; work based on 
preliminary phases of continuing re- 
search program. 


Role of Weight Analysis in Vehicle 
Evaluation, R. W. BROWN, A. SELIG- 
SON. Paper No. 325A. In develop- 
ment of automotive vehicles, weight 
must be given critical consideration by 
those concerned with product plan- 
ning, design development, pricing, 
production, material handling and 
traffic; types of analyses made at Ford 
Motor Co., Dearborn, Mich., and use of 
component and vehicle weight infor- 
mation in these areas; examples show- 
ing effect of design on cost and weight. 


Implications of Vehicle Weight and 
Dimensions in Product Planning and 
Advances Design, W. E. DAVIS. Paper 
No. 325C. Paper illustrates uses of au- 
tomotive weight and dimensional data 
in early planning and engineering 
phases of new automobile; specific ap- 
plications of dimensional and weight 
information, used at Ford Motor Co.; 
example of steps product planner and 
engineer may take in early phases and 
how uses of weight and dimensional 
data are correlated; benefits gained. 


Total Cost of Weight, L. ARTINIAN, 
S. L. TERRY. Paper No. 325D. 
Method used at Chrysler Corp. deter- 
mining cost of weight additions in pas- 
senger car and how information should 
be used to arrive at optimum design 
from both weight and cost standpoints; 
assumptions to be made and establish- 
ment of straight line relationship for 
weight increases in major components 
as function of vehicle weight; tabula- 
tion of components affected by car 
weight changes; compounding weight 
factors, and establishment of weight 
cost factors; examples. 


The case for Vehicle Weight Control 
— A Study of the Falcon by J. D. COL- 
LINS. Paper No. 8298. Describes how 
design objectives were established for 
Ford’s Falcon and how design proce- 
dures were carried out, with special 
reference to weight analysis and design 
for weight reduction. 


Weight Control of the Automobile 
Body, H. L. BROWNE. Paper No. 8300. 
Describes the processes through which 
weight control in an automobile body 
is achieved; uses some phases of Ford 
Falcon design as examples of the prin- 
ciples discussed. 


Engineering Know-How in Engine 
Design — 9. SP-192. Ninth of series 
of annual lectures: Small Engine Hy- 


draulic Governor Design and Applica- 
tion, C. R. HINTZ, E. P. MASSARDO, 
1-5; Guide to Disc Clutch Design and 
Application, E. C. YOKEL, 6-14; Hy- 
drostatic Transmissions for Vehicle 
Propulsion, C. J. CESARONE, B. L. 
DOUGLASS, 15-19; Performance and 
Structure of Mechanical Transmis- 
sions, E. A. RICHARDS, 20-38; Torque 
Converters Should Be Selected and Ap- 
plied — Not Picked and Fit, G. A. LIM- 
BACH, 39-46. See also Engineering 
Index 1960, p. 108. 


MATERIALS 


Why Evolution to Molded Interiors, 
K. H. WOODRICH. Paper No. 321B. 
Inherent properties of plastics, new 
processes, and economic advantages 
will lead to further evolution; design 
problems occur in following areas: 
temperature variations, stress cracking, 
utilization of material and processing, 
and testing; examples of interior 
molded applications, such as door 
panel, molded visor, cowl kick panel, 
and % scale headlining; station wagon 
quarter panel and spare tire cover. 


Ford Experience With Coated Body 
Steels, R. J. SAXON. Paper No. 323A. 
Steps taken to develop reliable and 
practical corrosion protection system 
for body structural components, inves- 
tigation of corrosion itself, and evalua- 
tion of various methods used; results 
of laboratory and field tests; as result 
of these, Ford Motor Co. adopted gal- 
vanized hot dipped zinc coated steel as 
best material for use on structural 
members subject to corrosion; sum- 
mary of advantages. 


Higher Strength Steels Mean Re- 
duced Weight With Economy, G. 
HAAIJER. Paper No. 327B. How 
stronger steels can be used to greatest 
advantage; yield points and modulus 
of elasticity, and prices of different 
steels influence proportioning of some 
members; optimum shapes requiring 
minimum material cost are determined 
and results applied to commercial 
steels; economies of hybrid steel 
beams; effect of higher yield points on 
indentation resistance of sheets ana- 
lyzed; significance for automotive ap- 
plications. 


Bonding of Structural Adhesives, 
E. J. SYDOR. Paper No. 330B. Re- 
view of prominent types of structural 
adhesives and bonding methods indi- 
cating where advances can be made; 
use of nitrile phenolic structural adhe- 
sive in bonding of brake lining to shoes 
at Chrysler Corp. and experiments per- 
formed to lower bonding costs; effect 
of bonding temperature and time at 
elevated temperature on shear strength; 
analysis of physical and chemical 


continued on page 131 
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FROM SAN FRANCISCO TO HONOLULU — to 
Tokyo, Kyoto, Osaka, Beppu — then to Manila, 
Hongkong, and Bangkok — was the route fol- 
lowed by SAE Past-President Ralph R. Teetor 
and Mrs. Teetor in a recent trip to “foreign 
shores.” SAE Advisory Consultant John A. G. 
Warner and Mrs. Warner accompanied the 
Teetors on their trip. 

In Honolulu, they were guests of the Hawaii 
Section .. . and in Tokyo they were hosted by 
Tadamasa Yoshiki, vice-president of the Society 
of Automotive Engineers of Japan—one of 
Japan’s participants in SAE’s International 
Automotive Engineering Congress in Detroit last 


SAE 
Oy it 
rrom READERS 


From: 

F. J. Storke 

Vice-President 

Anti-Friction Hull Corp. 

Laurel, Md. 

Dear Editor: 

We wish to thank you for listing us 
in your April 1961 SAE Journal under 
the article ‘Round-Up of Gem Design.” 

I would like to take this opportunity, 
however, to explain that we are not a 
“Ground Effects Machine” and do not, 
therefore, encounter the problems in- 
herent in them. In the “Hydrokeel 
Craft,” propulsion and control is the 
same as in a displacement hull or a 
planing craft; there are no stability 
problems; we cannot travel on land 
without wheels; we have no spray prob- 
lems and we believe we can show our 
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January. 


At left, Yoshiki greets the Teetors on arrival in 


Tokyo. 


Below, the Warners with Yoshiki (fore- 


ground) and the Teetors (rear) proceed to the 


hotel. 








operating costs to be lower than pres- 
ent day conventional craft. 

We do, however, use an air lift prin- 
ciple which we have chosen to call the 
“Positive Air Lift’’ system. 


(Editor’s note: As one old Navy saying 
goes ... “There’s no such thing as an 
excuse.”’ — But there may be an ex- 
planation. 

Our explanation in regard to listing 
the “Hydrokeel Craft” as a GEM re- 
volves around the fact that our editors 
draw the material for their articles from 
papers containing information’ ex- 
pounded by authors before SAE meet- 
ings . - and the Hydrokeel was 
mentioned in a listing of GEMs in an 
SAE paper. We're sorry to have mis- 
represented the facts.) 


From: 

Dr. Natalis H. Polakowski 

500 Kin Court 

Wilmette, Il. 

Dear Editor: 

Upon going through your March 1961 
issue I spotted an article on “GM’s 
new, compact, Hydra-Matic transmis- 
sions” (pg. 46-48, March SAE Journal). 


Here are a couple of friendly com- 
ments: 

Prominently displayed in the box on 
page 47, (bottom, right) is a statement 
saying that the larger version of this 
transmission is being used in Cadillac, 
big Oldsmobile, and big Pontiac auto- 
mobiles. 

As far as I could determine, neither 
the Cadillacs nor the two big Pontiacs 
(Star Chief and Bonneville) have ever 
used this stumbling, whining, and 
clicking box. 


(Editor’s note: In answer to your ques- 
tion, here is the line-up, checking with 
the author reveals: 

1. The new HM 61-10 is used on all 
Oldsmobile standard size cars, that is, 
the 88, Super 88 and 98. The HM 61-10 
is also used on the Pontiac Catalina and 
Ventura models. 

2. The HM 61-5 is used on the new 
F-85 Oldsmobile and on the General 
Motors Overseas cars, the Vauxhall, Opel 
and Holden. 

3. The 315 Model Hydra-Matic (the 
4-speed controlled coupling Hydra- 
Matic) is used on the Cadillac and the 
Pontiac Bonneville and Star Chief.) 
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Section Officers “Look Ahead” In Two Regional Conferences 


ORTY SECTION OFFICERS and 

interested Section-minded members 
convened in two Regional Section 
Officers’ Conferences staged in Balti- 
more, Md., and Hagerstown, Ind., dur- 
ing April. 

At the Baltimore Conference, Gov- 
erning Board members from Phila- 
delphia, Washington, Virginia, and 
Baltimore Sections met to present new 
ideas and discuss problems the morn- 
ing following the Army-Navy-Industry 
Meeting put on by the Baltimore Sec- 
tion. Area Coordinators L. C. Kibbee 
and G. J. Liddell were on hand to 
provide the overall area viewpoint. 

Planning, as the number one in- 
gredient in developing a Section meet- 
ing, was emphasized at Baltimore. 
Outcome of the discussion was a 
suggested step-by-step procedure — 
from a roughed-out meeting schedule 
presented at a June Governing Board 
meeting —to the establishment of a 
Program Steering Committee delegated 
to come up with a complete calendar 
of events no later than August — and 
with speaker acceptances by Septem- 
ber. 


Members of Cincinnati, Dayton, and 
Indiana Section Governing Boards 
were the participating conferees at the 
Hagerstown Conference —with J. H. 
Overwein present as Area Coordinator. 

Such questions as: What makes a 
good meeting; how to attract meeting 
participation from weak attendance 


From: 

Robert P. Lewis (M’19) 

2256 Densmore Drive 

Toledo, Ohio 
Dear Editor: 

SAE’s Cobo Hall meeting last Janu- 
ary was the greatest ever. My hearty 
congratulations to the entire SAE staff. 
Great achievement is always the result 
of great thinking, great effort, and 
great planning. 

My congratulations also to you upon 
your continued fine editorials, “For 
Sake of Argument.” I enjoy these 
very much, and not only read every 
one but save each. I like your philos- 
ophy and sound analysis. I have a 
copy of only one of your books (“Get- 
ting Along With Others in Business” 
— which contains many of your edito- 
rials written prior to 1947), but I know 
you have written several others. 
Where may they be obtained? 

I appreciate your announcement in 
the June issue of my retirement from 
Dana Corp. 
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areas; how best to deal with meeting- 
competition from other organizations? 
—stimulated ideas and suggestions 
for practical use. 

At both conferences, the importance 
of Section activities in increasing SAE 
Student Enrollment was stressed . . 


that cultivating the interest of engi- 
neering school faculties was the first 
step in a student program. There also 


was agreement that social periods at 
meetings and once-a-year social events 
do much to stimulate friendship among 
Section members. 

The Hagerstown Conference was 
unique in that it was the first to be 


. held on a Saturday; first to be held 
and all participating Sections agreed” 


independent of a National or Section 
meeting; and first to be held at a 
country club where a golf match had 
been arranged. 


Some of the conferees in an informal “coffee session” before the start of the Regional 


Section Officers Conference in Hagerstown, Ind. 





From: 

E. K. Lindberg 

Chief Body Design Engineer 

VOLVO 

Goteborg, Sweden 
Dear Editor: 

Since a few years back, when I get 
SAE Journal on my desk I open it and 
turn immediately to “For Sake of Ar- 
gument.” 

I have found this page most interest- 
ing. I don’t like to miss it for any- 
thing. As a matter of fact, I always 
have a print of this page for my file. 
What you say on this page, I think 
every engineer should study carefully. 

If you in the future will have these 
articles in a book form, that book 
would be a very valuable asset to most 
everyone old and young. 


(Editor’s note: Selected editorials from 
“For Sake of Argument” are scheduled 
for publication in book form late this 
summer. Publication will be by SAE’s 
General Publications Department .. . 
at a price of $3.) 
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Trowbridge 


Vice- chairman 
of Sperry 
Board of Award 


R. P. Trowbridge has been 
named vice-chairman of the 
Elmer A. Sperry Board of 
Award, succeeding T. P. Wright 
who recently resigned. Trow- 
bridge is an SAE-appointee on 
the Sperry Board; his term 
ends Jan. 1, 1964. He is di- 
rector, engineering standards, 
GMC. 
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THE CAMPUS OF MISSOURI SCHOOL 
OF MINES AND METALLURGY was the 
scene of ST. LOUIS SECTION’S “Student 
Night,’ where the annual technical paper 
contest between students at Missouri 
School of Mines and Parks College of 
Aeronautical Technology was feature of 
the evening. 

Section Chairman Albert W. Zub 
(center) is shown above with first-place- 
tie winners from Missouri School of Mines 
— Gerald Gaylord (left) and Larry 
Roberts (right). 


ST. LOUIS SECTION student contest 
winners Gerald Gaylord (left) and Larry 
Roberts (right) display the “traveling 
banner’’ won by them this year for the 
Missouri School of Mines. 


As part of ST. LOUIS SECTION “Student 
Night” ceremonies, Prof. James A. Jones 
(right) receives a plaque from Section 
Chairman Albert W. Zub (left) in rec- 
ognition of his services as faculty advisor 
of the SAE Student Branch at Missouri 
School of Mines. 
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Rambling through 


John Mowry, (center left) Carnegie Institute of Technology student, and 
first-place winner in PITTSBURGH SECTION’S student contest is con- 
gratulated by SAE President A. A. Kucher (center right) on ‘“President’s 
Night.” In the background (left) is M. J. Boegel, Pittsburgh Section 
chairman, and background (right) W. F. Hughes, Carnegie Institute of 
Technology SAE Student Branch faculty advisor. In foreground (right) 
is T. W. Mishtal, University of Pittsburgh SAE Student Branch faculty 
advisor. 


HONORED AS FIRST AND SECOND PLACE WINNERS in PITTS- 
BURGH SECTION’S student contest this year were John Mowry, Car- 
negie Institute of Technology, and John Dougherty, University of Pitts- 
burgh, for their papers ““Gas Cooled Reactors in Aerospace Application,” 
and “Development of Piston Rings.” 

At the Section’s “President’s Night” on April 25, the student-authors 
were introduced to SAE President A. A. Kucher, who pointed to this Sec- 
tion-sponsored, annual student award as an outstanding example of en- 
gineering society cooperation with colleges and universities. 

Dr. Kucher also stressed the importance of international dissemina- 
tion of engineering information .. . with uniformity of standards, rapid 
assimilation of new materials into automotive construction, and devel- 
opment of practical methods for applying new sources of power, as ob- 
jectives. 

On hand and demonstrated at the meeting was a working model of 
Ford’s “Levacar.”’ 


Dr. A. A. Kucher, SAE President, and Ford’s engineering and research vice-president 
(standing left) is introduced to Pittsburgh Section’s “President's Night” audience by 
SECTION Chairman M. J. Boegel (standing right). 


SAE JOURNAL 





the Sections 


WESTERN MICHIGAN SECTION’S Annual Student Trophy is dis- 
played by Section Chairman W. A. MacLaurin (center right) and Muske- 
gon Community College Instructor Fred W. Hawley (center left). With 
them are Harvey J. Meeusen (left) and Lee H. Saylor (right) co-chair- 
men of the Section’s Student Activity. 


STUDENTS’ NIGHT at WESTERN MICHIGAN SECTION featured 
presentation of its Annual Student Award .. . with SAE Director and 
Sections Board Chairman Paul F. Allmendinger as speaker. 

The student paper contest included entries from Muskegon Community 
College and Aquinas College of Grand Rapids — with a resultant three- 
way tie at Muskegon, and a two-way tie in Aquinas. The trophy went to 
Muskegon, but all five contestants received cash awards for their win- 
ning paper contributions on: 


e “An Introduction to Electrochemical or Galvanic 
Corrosion” by Theodore W. Bensinger 


e “Two-Heat Engines — the Wankel and the Conventional [ 
Muskegon 


Gasoline Engine” by John Gesink 


e “Design and Operation of Ion and Arc — Jet Rockets” 
by Thomas A. Leonard 


e “Inertial Guidance” by Charles R. Frydrych | 
> Aquinas 
e “The Ramjet Engine” by Patrick J. Donoghue | 


Allmendinger addressed the students in a four-phase presentation 
dealing with “the student in school,” “job selection,” “requirements of 
the engineer,”’ and “contributions of the technical society” to an engi- 
neering career. In his concluding remarks he told the students that “‘en- 
gineering is exciting” — and because it is, it behooves the student to be 
on the alert “with self adjustment and self education.” 


SAE Director and Sections Board Chairman Paul F. Allmendinger (ex- 
treme right) and WESTERN MICHIGAN SECTION Chairman W. A. 
MacLaurin (second from right) stand with Instructor Fred M. Hawley 
holding the trophy just presented to Muskegon Community College at 
the Sections Annual Student Night. With them (left) are the five win- 
ning students from the contending schools — Muskegon Community Col- 
lege and Aquinas College of Grand Rapids. 
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SAE STUDENT BRANCH AT PURDUE 
UNIVERSITY hosted the April meeting 
of INDIANA SECTION at Purdue Uni- 
versity. A late-afternoon tour of the 
Ross Gear & Tool Co. plant preceded 
a dinner meeting in Purdue Memorial 
Union . . . where Ethyl Corp.’s Research 
Advisor John S. Wintringham spoke on 
“Potential Passenger Car Powerplants.”’ 

Today’s gasoline engine has many chal- 
lengers, Wintringham said — among 
them: 

e The gas turbine — whose cost, bulk, 
and gasoline economy eliminate it as an 
immediate contender. 

e The free-piston engine — currently 
ruled out by its part throttle gasoline 
consumption. 

e The Stirling engine—whose draw- 
backs for passenger car use are weight, 
cost, and slow load changes. 

e The NSU (Curtiss-Wright) — one of 
the simplest engines, but presently hin- 
dered for passenger cars by sealing-of the- 
chambers, lubrication, quenching-of- 
combustion-flame, and poor combustion- 
chamber-shape problems. 


In a three-way tie (left to right) Theodore W. 
Bensinger, John Gesnick, and Thomas Leonard of 
Muskegon Community College, won first place in 
WESTERN MICHIGAN SECTION’S Annual Student 
Contest. 


(left) Charles R. Frydrych with (right) Patrick J. 
Donoghue, of Aquinas College of Grand Rapids won 
second honors in a two-way tie. 
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Rambling through the Sections 


Gathered at Cleveland Section’s Akron-Canton meeting (left to right) are speaker- 
sponsor R. }. Arzbecker; the speaker, Ford's 1. M. Swatman; Section Chairman L. L. 
Young; and Section Vice-Chairman R. Z. Farkas. 


A UNIQUE FEATURE of Ford's 704 gas turbine engine — Ford’s Ivan M. 
Swatman told CLEVELAND SECTION at its Akron-Canton meeting in 
April — is the location of the power turbine between the high-pressure 
spool turbine and the supercharging or low-pressure spool turbines. In- 
stallation of the power turbine at this point in the cycle, Swatman said, 
provides a desirable speed relationship between the low-pressure and 
high-pressure compressors ... which results in very good part-load 
economy. Near optimum load control is attained by varying the air 
flow, while turbine inlet temperatures are held almost constant. (Swat- 
man’s complete paper is SAE Special Publication No. 291A.) 


TEXAS GULF COAST SECTION heard W. C. Edmundson (center), ex- 
ecutive engineer, GMC Delco Remy Division, talk on alternators at its 
April meeting. With him are L. P. Graff (left) Section chairman, and 
F. E. Wilson (right) of Borden Co. 

Silicone diode rectifiers and transistorized regulators are important 
developments in automotive applications of alternator systems, Edmund- 
son said.... Now, 250,000 or more miles without servicing can be ex- 
pected of electrical generating systems. ... In the size range below 45 
amp, alternators are becoming more competitive with conventional D.C. 
generators, and the number of applications in this size range will in- 
crease as the trend continues. 

& 


MOST STRIKING IN RACING CAR DESIGN is the variety of technical 
solutions which have obtained almost identical results. Cars with widely 
different dispositions of engine and transmission, such as those with 
front and rear engines, have finished 2 and 4-hr races —or even hill 
climbs — within seconds of each other. The foregoing — with other 
race-result facts — was brought out by Ford’s H. E. Pringham at TWIN 
CITY SECTION’S April meeting. 

At a joint session with the American Rocket Society in March, the 
Section heard H. F. McKenney talk on “Staging of Large Space Vehi- 
cles.” 
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CLEVELAND SECTION’S Student Committee Chair- 
man W. A. Weinkamer (left) presents first-place 
award in the Section’s student contest to Frank 
Akstens of Fenn College, who, with Charles McCoy, 
co-authored the winning paper. 


GATHERED AT CLEVELAND SECTION’S May 
meeting, held in NASA’S Lewis Research Center, 
(left to right) are J. C. Evvard, speaker-sponsor; 
Lockheed’s E. B. Gibson, Jr., speaker; SAE Director 
E. J. Manganiello, NASA host; L. L. Young, Section 
chairman; and F. A. Wilcox Section vice-chairman 
for aeronautics — who arranged the program. 


IN CLEVELAND SECTION’S STUDENT 
PAPER CONTEST, co-authors Frank 
Akstens and Charles McCoy of Fenn 
College won first place and cash awards 
for their paper “Aerodynamic Design” 

. and a trophy for display at their 
college. 

Second and third place cash awards 
went to Duncan MacLaren of General 
Motors Institute for his paper “Tendency 
to Skid in a Euclid Tractor-Semitrailer 
Vehicle,” and James Pelouch of Case 
Institute of Technology for his paper 
“Cam Design Relation to Valve Train.” 

The awards were presented at the 
Section’s May meeting — where Lock- 
heed’s E. B. Gibson, Jr., was principal 
speaker. Gibson told of the design and 
construction of Lockheed’s JetStar — 
whose four engines are located aft and 
above the wings for quiet operation — 
and detailed its evolution from prototype 
to production. 

SAE Director Eugene Manganiello, 
associate director of NSA’s Lewis Research 
Center, — in a question and answer period 
— described the flight of Alan Shepard 
and the functioning of his equipment. 
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BY DECREASING BABBITT THICK- 
NESS on a steel back engine bearing to a 
value below 0.007 in., a 50% increase in 
load carrying capacity can be obtained... 
speaker J. J. Howlett (extreme right) of 
Toledo Steel Products Div., Thompson- 
Ramo-Wooldridge told HAWAII SEC- 
TION at its April meeting. “Diesel En- 
gine Components” was his paper subject. 
With him (starting left) are Roger Bay 
and J. B. Ketchum, Jr.— both of Carter 
Co.; and Hawaiian Telephone Co.’s Morito 
Tsutsumi, SAE Section chairman. 


MICROWAVES BOUNCING OFF A 
SATELLITE could be used to transmit the 
human voice over great distances .. . Bell 
Telephone’s Eugene D. Lavery told the 
WILLIAMSPORT GROUP’S May meet- 
ing. Some 50 of these “relay stations in 
the sky” — providing uninterrupted tele- 
phone and television communication 
around the world—can be considered 
among the “predictables,”’ he said. 


PRECISION MADE CASTINGS are used 
in gas turbine engines — and at present 
have application for aircraft, trucks, and 
off-highway vehicles. About two-thirds 
of the production is going into military 
use ... according to Kenneth Yonker 
(left) and Charles Yaker (right), both of 
Misco Precision Casting Co. Their talk 
“Investment Castings as Applied to Auto- 
motive and Aircraft Engines” was accom- 
panied by a color film which described the 
investment casting process for a recent 
WESTERN MICHIGAN SECTION meet- 
ing audience. 
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OUR MAN IN SPACE did not precede Russia’s largely because of U. S. emphasis on the 
safe return of the astronaut . . . Betty Skelton, pilot and automobile test driver, told 
MID-MICHIGAN SECTION’S “Ladies’ Night” audience where she was featured speaker. 

Above (left to right) are Blair Thompson, who arranged the program, Mrs. Thompson, 
Betty Skelton, Mrs. Long, and Walter F. Long, Section chairman. 


SOUTH BAY DIVISION OF NORTHERN CALIFORNIA SECTION had for its April 
speaker Sundstrand Aviation’s John H. Camlin (center) talking on hydrostatic transmis- 
sions for vehicle propulsion. Chatting with him are Burton W. Long (right), technical 
chairman of the meeting and Forest W. Fingerle (left), Section vice-chairman. 


ATLANTA SECTION at its April meeting heard W. S. Hoock (left) of Sinclair Research 
Laboratories, tell how wear problems influence motor oil development. With him (cen- 
ter to right) are W. R. Hill; P. A. Young (Section Vice-Chairman); and W. M. Law 
(Section chairman) — all of Lockheed. 
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AN SAE HANDBOOK WAS 
AWARDED by the SAE STU- 
DENT BRANCH AT MISSOURI 
SCHOOL OF MINES to David 
F. Markel as the year’s “out- 
standing mechanical engineer- 
ing junior.” The presentation 
ceremony took place at a joint 
SAE-ASME Pi Tau Sigma ban- 
quet. 


; ad * 
Selection of the recipient was = 
based on scholarship and ac- : Meetings 
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tivity in the Student Branch. 
Markel ranked 6th in a class of 
185 ... and is a past-chairman = 

of the MSM SAE Student 1961 
Branch. 


POET 


@ August 14-17 
West Coast, Sheraton Hotel, Portland, Ore. 
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@ September 11-14 
**Heavy Duty Vehicle’’* 
(including production forum and engineering display) , 
Milwaukee Auditorium, Milwaukee, Wisc. 


my 


Articles in this issue © October 9-13 


Aerospace Engineering and Manufacturing 
(including engineering display) , 
The Ambassador, Los Angeles, Calif. 
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based on Section presentations: 
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@ Detroit Section : @ November 9-10 
= Fuels and Lubricants, 
How Falcon Weight Was Controlled ... p. 37 = Shamrock Hotel, Houston, Texas 
Based on papers by: 
—}. D. Collins 
—H. L. Browne 
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1962 


e January 8-12 
Annual (including engineering display) , 
Cobo Hall, Detroit Mich. 


@ Metropolitan Section 


Military Multifuel Engines Now a Reality p. 101 


—E ; 
rrol J. Gay @ March 12-16 


Automobile Week 
a ; : (combined National Automobile and Production Meetings) , 
@ South Bay Division of Northern California Section = Sheraton-Cadillac, Detroit, Mich. 


Amphibious M-113 is Air-Dropable .... p. 102 
— P. S. Devirian 


TOCCATA 


TOUTED 


April 3-6 

Aeronautic 

(including production forum and engineering display) , 
Hotel Commodore, New York, N. Y. 


HOU 


@ Salt Lake City Group 


Is “Maint »p for N : June 11-15 
Truck aa | repered for oe Summer, Chalfonte-Haddon Hall, Atlantic City, N. J. 


— Lewis C. Kibbee 


TL 


August 13-16 
National West Coast, Biltmore Hotel, Los Angeles, Calif. 


@ Metropolitan Section September 10-13 
Why Supersonic Jet Fuels Will Cost = National Farm, Construction, and Industrial Machinery 
More eae i<ceeeee : (including production forum and engineering display) , 

— W. G. Dukek : Milwaukee Auditorium, Milwaukee, Wis. 


October 8-12 
National Aeronautic 
(including manufacturing forum and engineering display) , 


Baltimore Site of First Section-Level : The Ambassador, Los Angeles, Calif. 
Army-Navy-Industry Meeting 


@ Baltimore Section 


October 29—November 2 

Combined National Fuels & Lubricants; Powerplant; 
and Transportation Meetings, 

Bellevue Stratford, Philadelphia, Pa. 


UNGNRAAO UNA EEDSEEDAAAUHU NEEM OE 


@ Central Illinois Section 


vansnnanal 


Earthmovers “Dig” into New areas at 3 
12th Annual Earthmoving Industry : * Combined Farm, Construction and Industrial Machinery; 
Conference . + seeeee De : Powerplant; and Transportation Meetings. 
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FRED M. YOUNG (M’19), president 
and founder of Young Radiator Co., 
received a citation for outstanding 
accomplishment at the 13th Annual 
Wisconsin Engineers’ day in Madison 
recently. Hundreds of engineers and 
industrialists were on hand to par- 
ticipate. 

Mentioned among Young’s many 
accomplishments were: 


e At the age of 19, he built and in- 


stalled the cooling radiators in the 
plane piloted by Glenn L. Martin in an 
endurance flight around the Great 
Lakes. 

e He built radiators and bodies for 
Duesenberg cars. Young was closely 
associated with Fred Duesenberg in 
the early automobile racing days. 

e During World War II, he equipped 
numerous military vehicles and air- 
craft with heat transfer equipment. 

eHe provided the industry with 
numerous patents for use in designing 
and building equipment for radiators 
for trucks, tractors, cars, and for 
special devices in the field of heat 
transfer — such as atomic energy, sub- 
marines, electronic field power units, 
and gasoline and diesel engines. 


J. ARNOLD KIELY has been ap- 
pointed executive vice-president of 
Cone Automatic Machine Co. He was 
formerly assistant to the president of 
Cone. 


Young 
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CHARLES W. WILLIAMS has been 
named director of research and devel- 
opment for Bower Roller Bearing Divi- 
sion, Federal-Mogul-Bower Bearings, 
Inc. Formerly he was director of man- 
ufacturing operations at Chrysler’s Ad- 
vanced Projects Organization. 

THOMAS G. CONWAY has become 
Hart Plant manager for Bower Roller 
Bearing. He was formerly affiliated 
with Pesco Products Division, Borg- 
Warner Corp. as_ vice-president — 
manufacturing. 


JAMES A. MILLER, formerly direc- 
tor of engineering, has been appointed 
vice-president in charge of engineering 
research and development of Motec In- 
dustries, Inc. Miller has served on the 
Governing Board of SAE’s Twin City 
Section. 


WILLIAM S. COLEMAN has been 
made chief administrative engineer, 
engineering, research and development 
for Motec Industries, Inc., formerly 
Minneapolis-Moline. He was previ- 
ously senior liaison engineer at Gen- 
eral Motor’s Research Laboratories. 

Coleman is a member of the SAE 
Sections Board Student Activities Com- 
mittee and is retiring vice-chairman 
of Student Activities, SAE Detroit Sec- 
tion. 


ALEXANDER HOSSACK has been 
appointed director of engineering for 


Williams 


Simmonds Precision Products, Inc. He 
was formerly chief engineer for Sim- 
monds. 


BEN JONES will be directing new 
product planning for the Aviation 
Products Division, B. F. Goodrich Co. 
Jones formerly served Goodrich’s 
Aviation Products Division as techni- 
cal superintendent. 

He is chairman of SAE A-5 Techni- 
cal Committee. 


DONALD E. HART at GM Research 
heads the Data Processing Department 
which, until recently, was one of two 
Sections of a Special Problems Depart- 
ment. He joined GM Research in 
1950 as a college graduate in training 
and in 1951 began working on an 
automatic data processing project. He 
later assumed supervision of the Data 
Processing Section which offers a 
complete computer service to General 
Motors. 


PRIMO L. PINOTTI has joined the 
Oronite Division of California Chemi- 
cal Co., a subsidiary of Standard Oil 
Co. of California. Pinotti was formerly 
senior product engineer for Standard 
Oil’s product engineering department. 


JOHN R. SHERINGER, formerly 
test engineer for Boeing Airplane Co., 
has been appointed test engineer, The 
Martin Co. 


Coleman 





H. O. MATHEWS has been appointed 
vice-president — transporation and 
distribution for Armour and Co. For- 
merly he served Armour’s Transporta- 
tion and Distribution Division as gen- 
eral manager. 

Mathews is a member of SAE Tech- 
nical Board. 


DALE D. STREID has been ap- 
pointed assistant vice-president-engi- 
neer, of Daystrom, Inc., Murray Hill, 
N. J. He had been manager of tech- 
nical analysis of the Flight Propulsion 
Division of General Electric Co., Cin- 
cinnati Ohio. Streid is chairman of 
SAE EAB'’s Aerospace Powerplant Ac- 
tivity Committee and a member of the 
Aercspacecraft Activity Committee 
and the Air Transport Activity Com- 
mittee. 


FRANK WALTER has been ap- 
pointed director of product planning 
and chief engineer of the Plymouth 
Division of Chrysler Corp. Prior to 


his new assignment Walter was chief 
of styling administration and planning. 


BILL ROSE has been named assist- 
ant to the president of the Hallamore 
Division of The Siegler Corp. Before 
coming to Hallamore, Rose was di- 
rector of marketing of Chalco Engi- 
neering Corp. 


CHARLES F. HAMMOND, JR., for- 
merly vice-president of engineering, 
Gemmer Mfg. Co., has been made 
partner of Astra Engineering Co. 


ROBERT C. WALLACE has been ap- 
pointed chief engineer of the White 
Division of The White Motor Co. He 
was formerly director of engineering 
of the company’s Diamond T. Division. 

Wallace is a past SAE Director. 


PHILIP L. WARD has been ap- 
pointed commercial sales representa- 
tive, supersonic transport for North 
American Aviation, Inc. Ward for- 
merly served Convair Division, General 
Dynamics Corp. as assistant manager, 
commercial sales. 

He served SAE San Diego Section as 
chairman 1953-1954. 


RICHARD W. KING, who formerly 
served Douglas Aircraft Co., Inc. as 
service publications writer, has been 
appointed service engineer for Auto- 
netics Division, North American Avia- 
tion Co. 


Mathews Streid 
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MAURICE G. NIX has joined the 
Engine Components Division of As- 
sociated Engineering, Ltd. as divisional 
production engineer. He was formerly 
affiliated with the Stratos Division of 
Fairchild Engine & Airplane Corp. as 
experimental manufacturing manager. 


DONALD E. BOWERS has been ap- 
pointed supervisor, lubricants, Tech- 
nical Service Division for the Socony 
Mobile Oil Co., Inc. He was formerly 
manager, West Coast technical serv- 
ice Laboratory. 


JOHN S. FARLEY, who formerly 
served as an engineer in training for 
Pratt & Whitney Aircraft Co., Ltd., has 
been appointed assistant mechanical 
sub foreman for International Nickel 
Co. of Canada, Ltd. 


GILBERT WILKES, III has become 
California district manager for France 
Packing Co. He was formerly man- 
ager, OEM sales and engineering, 
France Packing Co. 


RICHARD D. ROGERSON has been 
appointed aluminum sales manager 
for A. M. Castle & Co. He was formerly 
exhibits supervisor for Aluminum Co. 
of America. 


FRED E. NEWMARKER has been 
appointed director of quality control 
for Lansing Division, White Motor Co. 
He was formerly director of manufac- 
turing for Diamond T Motor Truck Co. 


K. W. FINCH has become heating 
and ventilating engineer for Interna- 
tional Harvester Co. Formerly he was 
chief engineer at Weatherhead Co. 


VUOPUUDEDANOODOENOOOODOREAUOODRERAAOUEOEA AAT OEE ED 


Dinsmore 


DR. RAY P. DINSMORE has retired 
as vice-president of The Goodyear 
Tire & Rubber Co. Dr. Dinsmore will 
continue to advise Goodyear on re- 
search and development projects on a 
consultant basis. 
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GENE REXFORD MOULTON has 
been appointed design engineer for the 
Missile and Space Vehicle Department, 
General Electric Co. He was formerly 
Pfc, Army Rocket and Guided Missile 
Agency, U. S. Army. 


EDWIN R. STROH has been named 
general sales manager — automotive 
and marine of the new Motorcraft Di- 
vision of Ford Motor Co. He was for- 
merly vice-president and director of 
sales for the Electric Autolite Co. 


DONALD SCOTT YORDY, formerly 
engineer — project group, Continental 
Aviation & Engineering Corp., has been 
appointed liaison engineer, jet engine 
fuel control group, Hamilton Standard 
Division, United Aircraft Corp. 


WALTER J. McCULLOUGH has be- 
come captain — radar navigator B-52, 
USAF, Strategic Air Command. For- 
merly he was instructor, B-47, 352 
Bomber Squadron, Lockbourne AFB, 
Ohio. 


OWEN C. RUSSELL has been made 
mechanical engineer, engineering serv- 
ice section, technical service division, 
research and development department 
for Ethyl Corp. Formerly he was 
project engineer, product application 
division, research and development de- 
partment at Ethyl. 


DAVID M. BORDEN has been named 
chief engineer, automotive research for 
Chrysler Corp. Formerly he was as- 
sistant chief engineer of gas turbine 
research for Chrysler. 


Hammond Wallace 
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JAMES OLIVER YULE has joined 
RCA Service Co. as engineer, Ballistic 
Missile Early Warning System. He was 
formerly senior test engineer Rocket- 
dyne Division, North American Avia- 
tion, Inc. 


THOMAS A. LOEWE has become 
sales representative for Universal Cy- 
clops Steel Corp. Formerly he was 
sales manager of United Metal Craft 
Division, Garwood Industrial. 


R. J. FIEDLER, formerly product 
design engineer, engine division, Chrys- 
ler Corp., has become sales application 
engineer for Vickers, Inc. 


DONALD H. STEWART has been 
named vice-president, Insul-Seal Prod- 
ucts, Inc. He was formerly senior 
Huntsville representative for Rocket- 
dyne Division, North American Avia- 
tion. 


DONALD A. BODLEY has been ap- 
pointed mechanical engineer, automo- 
tive for the Transportation Branch of 
the Tennessee Valley Authority. For- 
merly he was automotive engineer for 
A. E. Friedgen, Inc. 


DON W. GERI, who formerly served 
the U. S. Navy as lieutenant (jg), has 
been appointed design engineer for 
Missiles & Space Division, Lockheed 
Aircraft Corp. 


RUDOLF SCHLEICHER has been 
appointed design and manufacturing 
engineer for Schleicher Fahrzeugteile 
K. G., Munich, Germany. He was for- 
merly development engineer, valve di- 
vision, Thompson-Ramo-Wooldridge. 


A. W. MORGAN, who was formerly 
assistant manager — operations, Con- 
vair Division, General Dynamics Corp., 
has been appointed vice-president of 
Hayes Corp. 


ROY E. SCHMIDT, formerly junior 
enginer for General Motors, has be- 
come senior designer— junior engi- 
neer for McCulloch Motors Corp. 


THOMAS L. GEIGER, formerly 
product design engineer at Ford Motor 
Co., has been named engineer — air- 
frame structures vibration analysis for 
The Martin Co. 


SVEN-OLOF SVATESSON, formerly 
chief research engineer at AB Bolinder- 
Munktell Machine Laboratory, Sweden, 
has been appointed technical director 
at AB Volvo-Penta, Sweden. 


ROBERT M. BURCH has been 
named an account executive in The 
Electric Autolite Co.’s Detroit sales of- 
fice. Burch formerly served Autolite’s 
Toledo sales office as administrative 
assistant. 
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J. O. LONGENECKER has become 
president, Lanco Engine Services, Inc. 
He was formerly executive vice-presi- 
dent for Continental Sales & Service 
Co. 


MORRIS J. DUER has been ap- 
pointed senior project engineer, Allison 
Division, General Motors Corp. He 
was formerly senior designer, aero- 
product operations, Allison Division. 


ODD H. ALME, formerly design and 
development engineer for Akerselvens 
Maskinverksted, Oslo, Norway, has 
been appointed technical assistant for 
Jessheim Auto. 


HAROLD V. LINDOW has been 
named test and liaison engineer for 
Boeing Airplane Co. He was formerly 
junior project engineer for GM Diesel 
Equipment Co. 


J. FRANK CANFIELD has joined 
The White Motor Co., Winston Salem 
Branch as branch manager. Canfield 
formerly served White as sales engi- 
neer. 


JAMES BRUIN has been named lab- 
oratory technician, engineering de- 
partment for Massey Ferguson, Inc. 
He was formerly sales engineer at Kay- 
don Engineering Corp. 


JAMES S. FREERS has been ap- 
pointed experimental engineer Chevro- 
let Division, GMC. He was formerly 
technical data group leader, Ford Mo- 
tor Co. 


CARL F. CZISKE has been appointed 
vice-president in charge of technical 
publications for Gargano Associates. 
He was formerly assistant account ex- 
ecutive at Campbell-Ewald Co. 


RICHARD E. ROGERS has been 
named design specialist at The Martin 
Co. Formerly he was chief engineer — 
industrial products group, J. I. Case 
Co. 


CHRIS SCHOU has been appointed 
project engineer of the Homelite Di- 
vision of Textron, Inc. He was for- 
merly project engineer at A. O. Smith 
Engineering Service Corp. 


MERRILL J. ANDERSON has been 
appointed account representative for 
Ethyl Corp. Formerly he served Ethyl 
as chief automotive engineer, central 
region sales. 


PAUL W. WETZEL has become prod- 
uct engineer for David Bradley Mfg. 
Works. He was formerly supervisory 
engineer, model 45 engines at Fair- 
banks, Morse & Co. 


HAROLD GREER has been ap- 
pointed member, technical staff at 
Aerospace Corp. Greer formerly served 
Northrop Corp. as senior engineer. 


CLAUDE A. PATALIDIS, who for- 
merly served Automobile Manufactur- 
ers Association, has joined Ex-Cell-O 
Corp. as patent counselor. 


WILLIAM W. WATSON has been ap- 
pointed superintendent of automotive 
and heavy equipment maintenance for 
United States Borax and Chemical 
Corp. Formerly he served as automo- 
tive engineer for the Hawaiian Divi- 
sion, Libby, McNeill & Libby in Hon- 
olulu. 


FRANK P. REGGIO has been named 
industrial sales manager for Permatex 
Co., Inc. Reggio formerly served 
Permatex as director of product de- 
velopment. 


LLOYD A. MOLBY has been ap- 
pointed development engineer for Ca- 
pacity, Inc. Formerly he was project 
engineer, Trojan Division, Yale & 
Towne Mfg. Co. 


JESSE B. HOWARD, formerly plant 
operations manager — Dearborn, Ford 
Motor Co., has been plant manager for 
Ford. 


F. JOHN HERRINGTON, JR., for- 
merly design engineer, Pontiac Motor 
Division, GMC, has been appointed 
process engineering supervisor for Kor- 
dite Co. 


JOHN W. LESTER has been named 
development engineer at AiResearch 
Mfg Co. of Arizona. Formerly he was 
a student at the University of Minne- 
sota. 


PAUL E. TOBIN has been appointed 
vice-president — wholesale operation 
for The White Motor Co. Formerly he 
was president at Graham Motor Sales 
Co. 


JULIAN BERCH is now affiliated 
with Vitro Laboratories as senior en- 
gineer, Stratoscope II program Office. 
He was formerly senior dynamic sys- 
tems engineer for Republic Aviation 
Corp. 


ANTHONY J. JABLONSKY has 
joined Indiana-Michigan Corp. as vice- 
president. Formerly he was president 
of Highway Transport Equipment Co. 


WEICHIEN CHOW has _ become 
principal engineer for Kellogg-ITT. 
Chow was previously chief develop- 
ment engineer for Sparton Automotive. 


JON S. WILSON has been appointed 
test engineer for Cannon Electric Co. 
He was formerly test and development 
for the Engineering Division of Chrys- 
ler Corp. 


SAE Members 


continued on page 126 





SAE BALTIMORE SECTION CHAIRMAN Ceorge Bamford pins registration badge on SAE President Dr 


Andrew A. Kucher at Army-Navy-Industry Meeting held at Aberdeen Proving 
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Major General Horace F. Bigelow, Deputy Chief of Ordnance is at left 


eting hh rry "i 


at the right 


Ground by Baltimore Sec- 


Charles F. Schwarz, Gen- 


Baltimore Site of First Section-Level 


AE Baltimore Section holds the 

distinction of being the first Section 
to hold a joint Army-Navy-Industry 
Meeting. The event enabled industry 
engineers to meet and exchange views 
with the military and civilian engi- 
neers of the two services 

Brig.-Gen. John H. Weber, Com- 
manding General, Aberdeen Proving 
yround, officially welcomed the 200 
members and guests attending the 
one-day event 


Day’s Highlights 


During the morning sessions a film 
depicting the mission of the Develop- 
ment and Proof Services at Aberdeen 
was presented and two members of 
this activity spoke to the group: Wil- 
liam A. Gross, Jr., on Engineering 
Testing of Ordnance Vehicles and J. 
C. Emanuel on Multifuel Engines — 
Why — How — When. 

Following lunch, the group toured 
the U.S. Army Ordnance Museum and 
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then were told of the mission of the 
Naval Engineering Experiment Station, 
Annapolis by H. V. Nutt, Technical 
Director of the Station. Nutt then 
introduced the afternoon speakers 
from the Navy Experiment Station, 
W. A. Tewes, Jr., J. R. Belt and John 
Harrison. Tewes spoke on Problems 
of Installation and Operation of Gas 
Turbines in Small Boats. Harrison 
spoke on Fish Propulsion. Belt dis- 
cussed Navy Gas Turbine Fuel Studies. 

Following the technical sessions, the 
engineers toured the U.S. Army Ord- 
nance School’s automotive shops and 
the Munson Test Course and then ad- 
journed to the Officers Open Mess for 
a social hour, dinner, and the keynote 
address by SAE President Dr. Andrew 
A. Kucher. 

Dr. Kucher told the group of work 
done by various SAE committees which 
resulted in valuable guidance for the 
military services. He pointed out that 
products of the Society’s technical 
committees’ standardiation program 
had simplified design and production 


of materiel for the services as well as 
the commercial products of industry. 

“The development of a uniform SAE 
test method for the evaluation of air 
cleaners, lubricating oil filters, and 
fuel filters had provided valuable 
guidance for the military services,” he 
said. Dr. Kucher also spoke on the 
interchangeability of products through 
the development of SAE standards on 
screw threads, nuts, bolts, bearings, 
and hose clamps, stating that the pro- 
gram has been of great assistance to 
the Ordnance Corps in both wartime 
and peacetime. 


Annual Affair? 


Charles F. Schwarz, general chair- 
man of the Meeting, said that the 
success of this first meeting between 
SAE Baltimore Section and the Army 
and Navy gave hopes that this type 
conference would become an annual 
affair. George Bamford is chairman 
of SAE Baltimore Section. 
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SAE PRESIDENT Dr. Andrew A. Kucher (center) talks shop with Brig. Gen 
John H. Weber (right) Commanding General of Aberdeen Proving Ground 
and Charles F. Schwarz, General Meeting Chairman of the Army-Navy- 
Industry Meeting held by Baltimore Section of SAE at the Proving Ground 
Dr. Kucher was guest speaker at the dinner held at part of the Meeting 


Army-Navy-Industry Meeting 


Thumbnail Sketches of Technical Papers Presented at Army-Navy-Industry Meeting 


Multifuel Engines — Why — 
How — When by J. C. Emanuel! 
(Paper No. $303) 

Discusses the reasoning be- 
hind the Ordnance interest in 
multifuel engines and some of 
the problems encountered in 
the design of these engines. 


Engineering Tests of Ordnance 
Vehicles by William A. Gross, 
Jr. (Paper No. $304) 

Describes and illustrates the 
types of tests to which new 
items of military automotive 
equipment are subjected. The 
results of these tests form the 
basis of decision for future 
action — user test, adaption for 
production, or redesign for 
improvement. 


Navy Gas Turbine Fuel Studies 
by J. R. Belt (Paper No. $305) 

Covers effects of fuel prop- 
erties on gas turbine perform- 
ance, the effects of salt water 
contamination of the fuel, how 
engine load affects deposition 
rate, deposit data on a large 
number of fuels. 


Problems of Installation and 
Operation of Gas Turbines in 
Small Boats by W. A. Tewes, Jr. 
(Paper No. S306) 

Describes typical installations 
of small gas turbines in a Navy 
33-ft plastic hull and a 28-ft 


personnel boat. Methods of 
quieting and cooling the engine 
and the effect of exhaust and 
inlet duct design on turbine 
output are included. 


Fish Propulsion by John Harrison 
(Paper No. $307) 

Reviews the literature on the 
subject of fish propulsion and 
summarizes the salient features 
which allow fish to swim silently 
at high speeds. Discusses the 
anomaly between potential 
energy output of fish muscle 
compared to the amount of 
energy required to propel the 
fish through the water. 


To order any of these papers, turn to p. 6. 
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TECHNICAL CHAIR- 
MAN Kar! L. Mason 


KEYNOTE SPEAKER 
at the Conference wv 
A. M. Sullivan 
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GENERAL CHAIRMAN 
of the Earthmoving Indus- 
try Conference Commit- 
A. Drais of Cat- 


tor Co tion 


to Society? 


BANQUET SPEAKER E. J. Tangerman (left) with toastmaster 
W.H.McGlade. Tangerman spoke on The Engineer — Threat 
McGClade is chairman of SAE Central Illinois Sec- 


Earthmovers “dig” into new areas 


EARTHMOVING IN THE MIS- 
SILE AND SPACE AGE was the 
theme of a talk presented by Brig. - 
Gen. James B. Lampert 
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HE TWELFTH Annual Earthmoving 

Industry Conference held by SAE’s 
Central Illinois Section was attended 
by more than 1200 people engaged in 
the design, manufacturing, and mar- 
keting of earthmoving equipment. 
Participants were exposed to new ideas 
and an opportunity to get better ac- 
quainted with the many phases of the 
earthmoving equipment technology 
through such presentations as: Earth- 
movers and Earthshakers; The Engi- 
neer — Threat to Society?; Earthmov- 
ing in the Missile and Space Age; New 
Performance and Advanced Design 
Concepts in Earthmoving Tires; Serv- 
ice for Added Profit; Tractor-Scraper 
Performance Evaluation Using a Digi- 
tal Computer; Earthmoving with Nu- 
clear Explosives. A panel discussion 
was held on Producing a Quality Prod- 
uct. 

Conference Chairman J. A. Drais 
welcomed the registrants to the Meet- 
ing and Rev. Alfred D. Deutsch gave 
the invocation. 

The keynote speaker was A. M. Sul- 
livan, editor of Dun’s Review and Mod- 
ern Industry. The theme of his in- 
spirational talk, Earthmovers and 
Earthshakers, related the engineer’s 
position to the physical earthmover 


and the spiritual earthshaker. He 
speculated on business and political in- 
fluences and their relationship to the 
growth factors in the American econ- 
omy. 

Business failures in the construction 
industry during the past ten years were 
linked to over extension of capital, poor 
accounting methods, lack of manage- 
rial control, poor estimating, and ac- 
cepting bad risks. In discussing the 
need for know-how in management as 
well as a need for know-how in tech- 
nical skills, the construction industry 
with all of its problems, weaknesses, 
and faults was called the liveliest in- 
dustry in the United States and holds 
forth the greatest promise for healthy 
expansion. 

Construction projects for the next 15 
years, including plants, schools, power 
dams, the Interstate Highway Program, 
and auxiliary projects associated with 
industry, were cited as a challenge for 
the earthmoving industry. 

E. J. Tangerman, editor of Product 
Engineering, provided those attending 
the banquet with a highly entertaining 
talk relative to the moods and motiva- 
tions of the engineer and his high 
morality in the professional approach. 
While being described as one who 
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EARTHMOVING INDUSTRY CONFERENCE COMMITTEE — (left-to-right) rear: W. T. Fall, secretary; 
L. F. Clancy, finance; |. L. Joslin, publicity; C. Johnson, housing. Front: A. L. Jacobs, treasurer; J. A. Drais, 


general chairman; H. R. Moos, 5 


rogram; E. Orth, arrangements 


at 12th Annual Earthmoving Industry Conference 


thrives on creativity, discovery, innova- 
tion, and problem solving, this gadget 
saving conservative was eulogized as 
the last of the pioneers. (See pp. 32- 
34, June 1961 issue of SAE Journal.) 


Earthmoving in the Space Age 


Brig. Gen. James B. Lampert pro- 
jected the future military requirements 
of earthmoving equipment as influ- 
enced by the missile and space age. 
Excavation for construction of silos 
and related structures at the Titan and 
Minuteman missile bases require high 
speed and precision maneuvering. 

Construction of installations in re- 
mote areas has shown a need for a 
mobile high speed air dropable ma- 
chine similar to the experimental com- 
bat emplacement excavator. 

Later this year in Alaska, the Atomic 
Energy Commission will test the prac- 
ticability of carrying out large scale 
excavation projects with nuclear ex- 
plosives. 

James G. Berry spoke on New Per- 
formance and Advanced Design Con- 
cepts in Earthmoving Tires. He dis- 
cussed the latest developments in steel 
reinforced tread construction for large 
earthmover tires. 
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H. G. Rudolph Jr. spoke on Service 
for Added Profit, which outlined serv- 
ices available from petroleum suppliers 
to their customers pertaining to rec- 
ommendation and application of lubri- 
cants and preventative maintenance. 

Talks on Tractor-Scraper Perform- 
ance Eva’uation Using a Digital Com- 
puter were given by D. A. Lewis and 
W.C. Morgan. The discussion included 
techniques employed in simulating ve- 
hicle performance with illustrations on 
how programing is used to evaluate 
and compare new and existing vehicles. 


Earthmoving with Nuclear Explosives 


Dr. Gerald W. Johnson presented a 
very interesting paper on Earthmoving 
with Nuclear Explosives. His talk in- 
cluded the study of peaceful applica- 
tion of nuclear explosives known as 
the Plowshare Program. Also covered 
were several very large earthmoving 
projects now in the planning stage. 

A panel discussion related the con- 
tributions of engineering, purchasing, 
quality control, and the supplier in pro- 
ducing a competitively priced quality 
product. The discussion centered on 
the rapid changes brought about by 
automation and the importance of 


proper timing necessary for integrat- 
ing the production people into the 
early stages of product preliminary de- 
sign. 

The panel moderator was Merle R. 
Yontz, President of LeTourneau-West- 
inghouse Co. Presenting papers and 
answering questions from the audience 
were Winthrop W. Spencer, General 
Electric Co.; D. W. Lysett, Borg- 
Warner Corp.; D. L. Heisler, Vickers 
Inc.; and O. K. Gaskins, Link-Belt Co. 

Technical chairmen at the Confer- 
ence were; Karl L. Mason, Caterpillar 
Tractor Co.; Cloyd Richards, LeTour- 
neau-Westinghouse Co.; and Russell E. 
Gibbs, Bradley University. 

Chairman of SAE Central Illinois 
Section is W. H. McGlade. 

Members of the Conference Commit- 
tee who planned the 12th Annual 
Earthmoving Industry Conference 
were: J. A. Drais — general chairman; 
W. T. Fall — secretary; A. L. Jacobs — 
Treasurer; H. R. Moos — program; E. 
Orth — arrangements; L. F. Clancy — 
finance; C. Johnson — housing; and 
I. L. Joslin — publicity. 


More on next page 
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12th 

Annual 
Earthmoving 
Industry 
Conference 


. continued 
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PRESENTING TECHNICAL ree at the Conference were J. G. Berry, U. S. Rub- 


ber Co. (left) and H. G. Rudolph, Jr., Socony Mobil Oil Co. (right). Cloyd Richards 
of LeTourneau-Westinghouse Co. (center) was a technical chairman at the Meeting 
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PRODUCING A QUALITY PRODUCT panel consisted of: (left-to-right) W. W. Spencer, General Electri 
g-Warner C rle R. Yontz, LeTourneau Westinghouse Co.; O. K. Gaskins, Link-Belt ¢ 
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EARTHMOVING WITH NUCLEAR EXPLOSIVES was discussed r. Gerald W. Johnsor 
ver Russell E. Gi bbs left- ne ot Brac hey ‘Un versity 


hnica eaten at Meet ng rc Morgan (right-center) and D. A. Lewis of 
r Tractor Co. spoke on ws ae ser Performance Evaluation Using a Digital 
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News from Technical Committees 


TEST CODE FOR EVALUATING 
OFF-HIGHWAY VEHICLE BRAKES 
—A new SAE test code for self-pro- 
pelled, wheeled vehicles or vehicle- 
trailer combinations is being devised 
by Subcommittee X—Brake Shoe 
Widths and Mountings of the Con- 
struction and Industrial Machinery 
Technical Committee. The code will 
determine the vehicle’s braking per- 
formance, according to E. F. Moreno, 
the Subcommittee chairman. 


SEAT BELT ANCHORAGES are being 
studied by the new Seat Belt Anchor- 
ages Subcommittee of the Body Engi- 
neering Committee. With c. H. 
Schamel, GMC Fisher Body Division, 
as chairman, the group is examining 
existing industry specifications in the 
hope that uniform requirements can be 
established. 


SURFACE TEXTURE MEASURE- 
MENT — A test procedure for measur- 
ing surface texture of sheet steel is 
being sought by the new Surface 
Texture Subdivision created by Di- 
vision 32—Carbon Sheet and Strip 
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Steel of the Iron and Steel Technical 
Committee. The group’s ultimate aim 
is to set minimum requirements for 
surface texture following a period of 
user-producer experience with the 
proposed test procedure. A. S. Kasper, 
Chrysler Corp., will head the new 
group. 


REFRACTORY METALS and SPE- 
CIAL PURPOSE ALLOYS are the con- 
cern of two new Subcommittees of the 
Nonferrous Metals Committee. Head- 
ing the refractory metals group is 
W. W. Minkler, Titanium Corp. of 
America. J. C. Hozwarth, GM Re- 
search, will chair the special purpose 
alloys group. 


TEMPERATURE MEASUREMENT — 
Five hundred references to this sub- 
ject appear in Bibliography of Temper- 
ature Measurement — January 1953 to 
June 1960, a 14-page booklet embody- 
ing an extensive survey of SAE Aero- 
space Committee AE-2, Temperature 
Measurement Sensing. Divided into 
categories of instrument types, the 
report was put together by Robert J. 
Moffat, GM Research Labs., who com- 
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piled the original material in 1957 for 
AE-2, and Carl Halpern, National 
Bureau of Standards, who up-dated it. 

The booklet has been issued through 
the Bureau of Standards and may be 
obtained by writing to the Superin- 
tendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, 
D. C. 


R. W. CUNNINGHAM, Aerospace 
Corp., is the new chairman of Com- 
mittee EG-1, Aerospace Propulsion 
Systems Support Equipment. He suc- 
ceeds L. B. Hansen, Pratt and Whitney 
Aircraft, who has served as chairman 
since 1953. EG-1 is currently develop- 
ing new reports on the inspection as- 
sembly and disassembly for small pro- 
pulsion units, the use of spark-proof 
tools and leak detectors for solid rocket 
cases. 


J. ROBERT LUDWIG, Dana Corp., 
will head the Clutch Housings, Clutch 
Mountings and Flywheel Subcommittee 
of the Engine Committee. He succeeds 
W. E. Klatt who has served as chair- 
man for three years. 
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FOR A COMPLETELY NEW 
DIMENSION IN HYDRAULIC 
INSTALLATION FLEXIBILITY .. . 


FULL 360° 


POSITIONING 


The continued trend toward larger volumes of oil at increased 
operating pressures and the diminishing space available for hy- 
draulic line assembly, has made improved pipe-tube-hose-fitting 
combinations imperative. 


Various flange clamps have helped facilitate small space instal- 
lation, although even their use at times presents line-up problems. 


To overcome this — the all new line of Formrite Rotating ‘‘Roto- 
Flange"’ Clamps with ‘‘O”’ Ring Flange Head Tube Fittings was 
developed. For the first time, full 360 degree positioning is pos- 
sible thereby COMPLETELY SOLVING CLOSE CENTER-LINE 
DIMENSION REQUIREMENTS. 


available with tapped holes or clearance holes for SAE Bolts in a pad size 
range from %” to 3”. 

permits larger orifice diameters and therefore greater flow capacity. 
engineered for silver brazing to the assembly, thereby eliminating stress 
normally introduced by welding. 

ideal for tube-to-hose or tube-to-tube connections. 

“©” Ring joint provides positive seal. 

socket wrench only tool required for installation. 


FOR COMPLETE INFORMATION, WRITE .. . 


jormrite TUBE COMPANY 


TWO RIVERS, WISCONSIN 
MEDINA, OHIO 


SAE Members 


continued from page 119 


CHARLES A. DAVIDSON has been 
appointed general manager for M and 
M Tank Lines, Inc. He was formerly 
director of fleet maintenance for Spec- 
tor Freight Systems, Inc. 


WILLIAM SWALLOW has been ap- 
pointed chairman and managing di- 
rector for Vauxhall Motors, Ltd. He 
was formerly chairman and managing 
director for General Motors, Ltd. 


Obituaries 


JEROME BARTELS... (M’48)... 
professor of mechanical engineering, 
Polytechnic Institute of Brooklyn ... 
died January 2... born 1913. 


DR. ROBERT T. HASLAM ... 
(M’31) ...W.R. Grace & Co... . died 
April 4... born 1888. 


ROBERT K. HIRCHERT ... (M’46) 
... administrative engineer, GM Prov- 
ing Grounds, Chevrolet Division, Gen- 
eral Motors Corp. . . . died December 16 
... born 1917. 


RAYMOND HUFFORD ... (M’27) 
... patent agent .. . died February 18 
... born 1889. 


LESLIE H. MIDDLETON .. . (M’35) 
... industrial consultant, L. H. Middle- 
ton & Associates ... died Marché... 
born 1903. 


BOHUMIR MIMRA ... (M’27)... 
research engineer, Motor Car Research 
Institute, Czechoslovakia . . . died Feb- 
ruary 7... born 1896. 


THEODORE A. NERLINGER ... 
(M’49) ... president, Van Ness Lumber 
Co. ... died February 4... born 1913. 


GEORGE WALTHER, SR. ... 
(M’17) ... chairman of the board of 
the Dayton Automotive Products Co., 
Moraine Mfg. Co., Dayton Tandem 
Mfg. Co., Dayton-Portsmouth Foundry 
Co., and Dayton Steel Foundry of 
Canada, Ltd... . died April 10... born 
1876. 


VERNON T. WARD... (M’60) ... 
fleet superintendent, Carnation Co.... 
died March 26 .. . born 1909. 


ROBERT C. WHITE ... (M’59) ... 
vice-president-sales, Cerlist Diesel, Inc. 
... died February 3... born 1917. 


IVOR WILLIAMS ... (M’21)... 
assistant senior engineer, Fisher Body 
Division, General Motors Corp... . died 
March 2... born 1899. 
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ae New P/S Klozure* Oil Seal 








‘Q i i 
Le 
oe 
Lasts | = 
four times 713 
longer | 
. A _ | 


ore a Costs = eR i's the Seal of tomorrow for use today. Garlock 


JAS) (Positive/Seal) KLOZURE Oil Seals with filled-Teflon** sealing elements offer the economica 
built-in permanence” demanded of modern design. They resist tempesatures more extreme than ever 


encountered in normal operation; are chemically inert and unaffected by corrosion. They do not wear, nor 
score the shaft on which they are used; will seal a 00 f 
Oil Seals have been successfully tested on the GM Sealrater. 





There’s a lot more to the story of this fine new seal. Below are construction details: on the next p&ge, 
you'll find application information. Send in ‘the postcard and we'll send you an actual! sample seal for | 
examination. Garlock Inc., Palmyra, N.Y. 


G@RIRLOGK 


FIRST CLASS 


Garlock P/S KLOZURE construc- grace, 


tion assures positive sealing: a PALMYRA, N. ¥ 


1. STEEL SHELL OR CASE serves 
to enclose and position all com- 
ponent parts. 

. SPECIAL GASKET fitted tight- 
ly into position holds sealing 


element in place, provides extra [i ; POSTAGE WILL BE PAID BYy— 
leakage protection. ; 


. FILLED-TEFLON SEALING | GARLOCK INC. 


ELEMENT rides firmly against - 
shaft, keeps oil in, dirt out. Paimyra, N.Y. 


“Registered Trademark **Du Pont Trademark 





NEW P/S KLOZURE OIL SEALS 


Cutaway shows general purpose seal in position. P/S 
KLOZURE Oil Seals outperform all others in standard 
300-hour acceptance test. 


Cutaway shows pump shaft seal in position. P/S 
KLOZURE Oil Seals outperform all others on standard 
100-hour acceptance test. 


I would like more data concerning the new Garlock P/S 
KLOZURE Oil Seal that lasts four times longer than ordinary 
seals . . . yet costs no more! Please: 


[] Send sample seal (] Have sales engineer call 


NAME 





POSITION.____ 








COMPANY 
ADDRESS 


CITY ZONE_____STATE 


FOR GENERAL 
PURPOSE APPLICATIONS... 


... Garlock P/S KLOZURE Oil Seals outperform all 
others in a standard 300-hour acceptance test. Seals 
with synthetic rubber elements fail periodically, 
resulting in leakage. For example, nitrile rubber 
cracks and hardens; polyacrylate rubber loses its 
flexibility; silicone rubber swells and becomes soft. 
Garlock P/S KLOZURE Oil Seals emerge undamaged 
in tests run at 3600 r.p.m. speed on a 174%” shaft. 
Shaft-to-housing eccentricity is .010” t.i.r.; seal-to- 
shaft eccentricity is .010” t.i.r. P/S KLOZURE Oil 
Seals successfully resist Type “‘A” transmission oil at 
300°F without harm or leakage. 


FOR PUMP SHAFT 
SEALING UNDER PRESSURE... 


.. . Garlock P/S KLOZURE Oil Seals are the ideal 
answer to the combined problem of speed, pressure, 
and temperature. Undergoing a standard 100-hour 
acceptance test, P/S KLOZURE Oil Seals outlast the 
synthetic nitrile, polyacrylate, and silicone rubbers 
that are in popular use today. Test conditions in this 
instance are an }}” shaft rotating at 6000 r.p.m. with 
an eccentricity of .003” t.i.r. shaft-to-housing. Here 
again, Garlock P/S KLOZURE Oil Seals are un- 
harmed against Type “A” transmission oil at a 
maximum of 275°F., pressure of 50 p.s.i. Of special 
interest to pump manufacturers is the universal suit- 
ability of this seal against all types of fluids, including 
non-flammable. No need now to match various seal- 
ing elements to various fluids—P/S KLOZURE Oil 
Seals handle them all! 


SEE US AT GARLOCK BOOTH 618 
AT THE DESIGN ENGINEERING SHOW 


GARLOCKH Inc. 


Palmyra, N.Y. Twenty-six sales offices and 
warehouses throughout the U.S. and Canada. 
Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket Company 


Order from the Garlock 2,000 . . . two thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded Rubber, Plastic Products. 


SEND THIS POSTCARD FOR 
FREE SAMPLE SEAL 





Spicer’s new Model 7041 4-Speed 
Auxiliary Transmission—for use in 
conjunction with standard 4 or 5- 
speed transmissions—has a nominal 
torque rating of 550-600 ft. Ibs., 
thus narrows the gap between the 
Model 6041 (375-400 ft. Ibs.) and 
the 8341 (750-900 ft. Ibs.) 


New Spicer 4-Speed Auxiliary Transmission 
For Engines in the 400-600 Ft. Lbs. Torque Range 


Model 7041 Broadens Range of Spicer Line, 
Utilizes Maximum H.P.,, Is Quiet, Saves Weight 


Now-—Spicer has added a new model to its power line of 4-speed 
auxiliary transmissions—the Model 7041—whose 550-600 ft. Ibs. 
nominal torque rating meets a vast need for engines developing 
over 400 ft. Ibs. of torque. 

The 7041 operates most effectively with main transmissions in 
the 400-600 ft. Ibs. capacity range. Ratios in the auxiliary are 
spaced so that they functionally split or compound the ratios of 
the main transmission. 

The new transmission has good splits in the top three gears, as 
the following table shows: 


Ist 2nd 3rd 4th 
RATIOS ——_—_——— 
7041 2.31 1.21 1.00 83 


The result is that it is possible to utilize the maximum horse- 
power of the engine during shifts. In addition, the driver is able 
to complete shifts in these three splitter gear positions at the same 
R.P.M. 

The new auxiliary transmission is also constant mesh in all gear 
positions, which makes for quieter operation and easier shifting 
due to the use of helical gears throughout. It is lighter and less 
bulky than any other 4-speed auxiliary transmission of similar 
capacity. 

For complete data on the many advantages of the new Spicer 
7041, write to Dana Corporation, Toledo 1, Ohio. 


Spicer Top Mount Power Take-Off can readily be assembled 
to the 7041 Auxiliary Transmission by merely removing the 
cover, is ideal for operating air compressors, heavy-duty 
winches, large pumps, and other materials handling devices 
requiring full engine torque. 


<eoe 


Spicer 
CORPORATION 
Toledo 1, Ohio 


SERVING TRANSPORTATION -— Transmissions « Auxiliaries 
« Universal Joints « Clutches « Propeller Shafts « Power Take-Offs 
* Torque Converters « Axles « Powr-Lok Differentials « Gear 
Boxes « Forgings « Stampings « Frames « Railway Drives 


Many of these products are manufactured in Canada by Hayes Steel Products Limited, Meritton, Ontario 
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HOW TO GET THE POWER TRANSISTORS YOU NEED? 


JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is 
only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked 
for them. re 

We've made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial 
and military types. And each in a wide variety of parameters that have proved themselves reliabie in nearly every 
conceivable application. 

You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get 
them reasonably priced. All you have to do is contact our nearest sales office—and ask for them. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan IDE Division of 


324 Chestnut Street 726 Santa Monica Blvd. 5750 West 5ist Street 57 Harper Avenue General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 A D j O Kokomo, Indiana 
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SEMICONDUCTORS 
“J nV ' A V A 7 . A R 1 E 


Boston: 
GREENE-SHAW COMPANY, INC. 
341-347 Watertown St., Newton 58, Mass. 
WO 9-8900 


New York: 
HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 
JU 2-1500 


Chicago: 
MERQUIP ELECTRONICS, INC. 
5904 West Roosevelt, Chicago, Illinois 
AU 7-6274 


Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 
12530 Hamilton Ave., Detroit 3, Michigan 
TU 3-1500 


Philadelphia: 
ALMO RADIO COMPANY 
913 Arch St., Philadelphia, Pennsylvania 
WA 2-5918 


Baltimore: 
RADIO ELECTRIC SERVICE 
5 North Howard St., Baltimore, Maryland 
E 9-3835 


Los Angeles: 


RADIO PRODUCTS SALES, INC. 
1501 South Hill St., Los Angeles 15, Calif. 
RI 8-1271 


San Francisco: 


SCHAD ELECTRONIC SUPPLY, INC. 
499 South Market St., San Jose 13, Calif. 
CY 7-5858 


Seattle: 


C&G ELECTRONICS COMPANY 
2221 Third Avenue, Seattle 1, Washington 
MA 4-4354 


Ask for a complete catalog 


LCO 
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changes occurring suggested two-step 
bonding technique aimed at reducing 
time of pressurizing; results obtained 
and implications. 


New Techniques In Bonding Solid 
Fuel Rocket Motor Cases, S. J. DAS- 
TIN, P. ROSENBERG. Paper No. 
330C. Suitability of high strength 
steel bonded cases based on metal de- 
sign allowables up to 350,000 psi was 
investigated at Republic Aviation Corp.: 
structural adhesives were evaluated, 
process techniques developed, and mod- 
els tested; study of incremental stresses 
and strains; varying shear modulus ad- 
hesive, ‘composite adhesive), was 
tested on 6 in. overlap and compared to 
constant shear modulus adhesive; 
former showed, at failure, 25% higher 
load carrying capability. 


MISCELLANEOUS 


Promising Methods of Generating 
Electricity, J. S. WINTRINGHAM. 
Paper No. 8299. Brief, easy-to-under- 
stand rundown of possible new meth- 
ods of generating electricity, including: 
Stirling engine, fuel cell, solar power, 
thermoelectricity, thermionic emis- 
sion, and magnetohydrodynamics. 
Most of our electricity today is gen- 
erated from steam-turbine power, with 
water power helping. 


Reflux Technique of Light Control 
in Design of Visual Displays, G. K. C. 
HARDESTY. Paper No. Cl. Particu- 
lars of reflux technique which is sub- 
class of edge-lighting based on total 
internal reflection between two parallel 
polished surfaces of transparent body; 
background information and terminol- 
ogy; basic reflux geometry; design op- 
tions that can be exercised throughout 
reflux structures covered, i.e., for ex- 
ternal lamps, duo panel symbol! illumi- 
nator, light valving reflux displays, 
pointer and scale instruments, etc. 


PRODUCTION 


Quality Control Versus Reliability, 
H. CARY. Paper No. 326A. Defini- 
tion of terms, practices and functions 
of reliability engineering and quality 
control; scheme is proposed by Battelle 
Memorial Inst. showing functions in- 
volved in development and production 
of product; corporate activities in- 
volved in product development pro- 
gram and corporate role of product 


requirement committees, which rely on 
flow of information from various engi- 
neering and field tests; feedback and 
information exchange directed to man- 
agement; planning board, and engi- 
neering groups. 


Individual Methods of Assembly, 
P.W. HOUSE. Paper No. 328A. Effec- 
tive assembly technique, called indi- 
vidual build method, is used at Delco 
Remy Div. of General Motors, where 
most costly mechanized methods can- 
not be justified; assembly components 
are arranged for convenience of oper- 
ator trained in best method of assem- 
bling and using mechanical aids and 
devices: method serves very well in 
conjunction with progressive line as 
work station for surplus operators for 
small-run jobs; advantages. 


Integrated Assembly Line: Planning 
— Not “Automating,” D. A. CARGILL. 
Paper No. 328B. Conditions under 
which to use fully or semi-automatic 
assembly machines; use of assembly 
system where experience indicates that 
operation will have range of probable 
actions, when individual performance 
times of cycle of operation varies and 
operations are used that need con- 
tinual adjustment, etc; elements of 
“assembly system” are automatic ma- 
terials handling, orienting and pre- 
positioning of part, and production 
protection allowing independent rates 
for each operating station. 


Product and Assembly Machine, L. 
C. TULLIS. Paper No. 328C. Study 
of assembly planning operations in- 
volves production item with large 
volume and assembly plan to suit its 
design; system of planning and steps 
involved, requirements of flexible 
equipment, study of parts and possible 
methods to handle them in automatic 
process; comparison made between 
commonly used flow pattern, over and 
under arrangement, and one that has 
shown advantageous use in medium 
size assembly activity; machine study, 
features., types and functions of sta- 
tions, use of fixtures, etc. 


Arc Welding Rear Axle Housings and 
Related Assemblies, W. F. WILLIAMS, 
S. M. SPICE. Paper No. 329A. Review 
of welding processes used and opera- 
tions involved; at Buick Motor Div., 
Flint, Mich., housing welds are made 
using “Innershield” flux cored wire 
automatic arc welding process; op- 
erations on semi-automated welding 
line, divided in three groups; there are 
29 automatic arc welds on completed 
axle housing for total of 19 ft 4 in. of 
welding; submerged arc welding ac- 
counts for 100 in. and “Innershield” 
welding for 132 in.; 145 in. are leak- 
proof welds and are water-tested. 


continued on page 132 
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Gas Shielded Fusion Welding In 
Automotive Production, R. E. 
BROOKS. Paper No. 329B. Design 
of rear axle housing for Thunderbird, 


eee eee eee eens 


TAPPETS 


Mercury, Ford passenger cars and light 
trucks involves combinations of seven 
stampings and two sections of tubing 
welded together in assembly; two de- 
sign features of housing serve as illus- 
trations of good cooperation between 
design, development, and manufac- 
turing personnel; future development 
work, such as consumable electrode arc 
spot process. 


Are Spot Welding In Automotive 
Production, B. L. KOSNIK. Paper No. 
329C. Features of arc spot process are 
explained by examining various com- 
ponents that employ technique in their 


SKEL KAST 


This latest tappet improvement 
represents still another 
advancement brought about by 
the constant search for better 
design, materials, and 
manufacturing methods at 
Johnson Products. The reason? 
Better tappets are our only 
concern. We welcome the 
opportunity to put our engineer- 
ing and test facilities at your 
disposal. Johnson Products Inc.., 
Muskegon, Michigan 


manufacture, such as automatic trans- 
mission annulus gears, accelerator 
shaft assembly, roller tooth pin to 
cross-shaft in manual steering gear, 
etc; equipment and procedures used; 
summary of advantages obtained. 


Automatic Gaging for Selective As- 
sembly, A. W. WISEMAN. Paper No. 
331A. Automobile engine parts, selec- 
tively assembled at Sheffield Co. are 
piston pin, rod, piston, and engine 
block; details of gaging stations for 
selecting, segregating, and identifying 
parts; gages provide logical system of 
automated inspection and illustrate 
that no one system of gaging, part 
transport, or motive power meets all 
requirements; two units had pneumatic 
systems, two electronic; one had in- 
dexing chain part transport, two con- 
tinuous conveyor belt, and fourth hy- 
draulic cylinder powered transfer. 


Vibration — New Measurement For 
Industry, D. L. BERNHARD. Paper 
No. 331B. IRD Model 600 vibration 
analyzer developed by International 
Research and Development Corp. in- 
cludes vibration pickup to sense vi- 
bration and transmit it as electrical 
signal to analyzer; tunable filter op- 
erates in manner similar to radio 
tuner; examples of application of vi- 
bration measurement and analysis in 
industry; vibration measurement and 
in-place balancing in assembly test- 
ing of V-8 automobile engines using 
IRD Model 2080S engine balancer. 


Tape-Controlled Automatic Electri- 
cal Tester, H. H. RUGG. Paper No. 
331C. Details of automated voltohm- 
meter, for rapidly performing simple 
electrical tests on “Go-No Go” basis, 
developed by Sperry Gyroscope Co.; 
applicability to testing of cable har- 
nesses, radar and military computer 
equipment, wherein terminations for 
testing may range from 600 to over 
2400; block diagram of tester; pro- 
gramming data are punched on tape; 
set up for typical test and test limits; 
tape coding system; examples of ap- 
plications showing cost savings ob- 
tained. 


Processes and Products, H. H. BIX- 
LER. Paper No. 332C. How basic role 
of manufacturing, magnitude of job, 
and fundamental changes in manu- 
facturing must be considered along 
with basic research and engineering 
development to shape products and 
factories of tomorrow; examples of re- 
sults of manufacturing research re- 
lating to various industries. 


Organizing Creative Manufacturing 
to Meet Consumer Demands, P. H. 
PONTA. Paper No. 332B. Organiza- 

continued on page 134 
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TUBING TAKES NEW TURNS... 


Ingenuity — originality, inventiveness, skill—aptly describes the contributions 
that Rochester people are making to automotive engineering with Rochester 


Steel Tubing. 


The new Buick Special is one of America’s fine cars that make the most of 
Rochester Steel Tubing—and Rochester ingenuity—for several important 
functions. Buick recognizes the widening possibilities for steel tubing along 
with other quality car manufacturers, who call on Rochester Steel Tubing for 
applications ranging from fuel lines to ventilator tubes, from control rods 


to brake lines. 


WHY? 


Automotive engineers specify Rochester Steel Tubing frequently for several 
important reasons. It’s versatile. It saves weight. It satisfies the most rigorous 
reliability standards . . . far beyond specifications. 

If you have an engineering problem that turns on tubing, call on the originality, 


inventiveness and skill of Rochester people. Just get in touch with a Rochester 
Steel Tubing Engineer for complete details. 


Rochester Reflects Reliability 


sate 
MOTORS 


STEEL TUBING BY ROCHESTER PRODUCTS 


ROCHESTER PRODUCTS DIVISION OF GENERAL MOTORS. ROCHESTER. NEW YORK 
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tion model for manufacturing develop- 
ment activity includes basic functions, 
technical fields of endeavor, and re- 
quirements for effective operation; op- 


must consider to meet its objectives 
are consumer, facilities and budgets, 
management support, coordination and 
communications, outside suppliers; de- 
velopment at Ford relating to water 
emulsion paint, shell molded nodular 
iron crank-shafts, cold extruded piston 
pins, etc. 


Roots and Fillets— Achilles Heel 
of Gear Design, B. F. BREGI. Paper 
No. 333A. Factors in design of gear 
fillet are strength of gear, actual shape 
of fillet as produced by specific tooth 
production process, amount of involute 
profile needed for proper meshing with 


clearance for finishing tool; detri- 
mental effects of improperly positioned 
fillets; considerations for gear finish- 
ing processes; method of analyzing 
generated gear fillets. 


Gear Blank and Heat Treatment, 
W. G. WALLACE. Paper No. 333B. 
Paper confined to ferrous spur and 
helical gears; variables involved in 
choice of materials include: gear phys- 
ical strength requirements, gear tooth 
design — compressive and tensile 
forces, sliding velocities, and stress 
raisers, machinability of material, 
ease of heat treatment, machine tool 


erating factors which organization mating gear, and provision of sufficient 


investment and production volume; 
selection of machine tool; gear blank 
configuration; dimensional control; 
heat treatment problems, and solutions 
such as flame or induction heating of 
surfaces. 


What WI-COoperation 
SS Means to the 


Challenge Facilities for Better Re- 
turn on Assets, G. W. JERNSTEDT. 
Paper No. 334A. Summary of ap- 
proaches employed at Westinghouse 
Electric Corp., Pittsburgh, Pa., to 
modernize facilities; when major prod- 
uct line is redesigned, facilities are 
replanned and modernized at same 
time; two examples illustrating re- 
tirement and replacement policy; ap- 
plication of technique called Physical 
Review of Manufacturing Facilities. 


A prestige line of ignition, made to the 
highest quality standards . . . 100% in- 
spected and guaranteed. 


Production Man’s Role in Product 
Reliability, H. P. KEAN. Paper No. 
336A. Product reliability takes co- 
ordinated effect of all types of pro- 
duction men; it requires that they 
adopt overall attitude towards relia- 
bility of keeping customer satisfied; 
this should form basis for coordinated 
action between all departments; trans- 
fer of techniques and information 
should be aimed at following targets: 
to understand operation of product, to 
recognize equipment capabilities, and 
to develop effective troubleshooters. 


A team of trained representatives in the 
field, augmented by a well organized 
service department at the factory. 


A modern laboratory, staffed by engi- 
neers experienced in solving technical 
problems of ignition. 


A delivery policy geared to meet regular 
and emergency schedules. 


Over 6,000 WICO dealers in the U.S. and 
Canada (as well as foreign countries) . . . 
ready to supply after-market parts. 


What Do You Really Pay for Re- 
liability? L. M. STEWARD. Paper 
No. 336B. Concept applied at AC Spark 
Plug Div., General Motors Corp. begins 
with basic design, supported by sound 
engineering and manufacturing tech- 
niques; reliability facts, such as chemi- 
cal and physical testing, paper labora- 
tories, tool inspections, gage control 


e INDUSTRIAL ENGINE ACCESSORIES gg Ee. . mee cos 
an ife testing, produc andling, 
e MAGNETOS ¢ BATTERIES packaging, coal Shaeniiitee communes 
e ALTERNATORS of information relating to product 
experiences from field listening posts, 
e ¢ BATTERY IGNITION SYSTEMS 


PRODUCTS: 


factory contact reports, monthly prod- 
uct and life testing, United motors 


Member of Automotive service summary etc 


Electric Association 
Write for complete literature 


WICO IGNITION DIVISION 


Dept. SJ-3 West Springfield, Massachusetts, U.S.A. 


IGNITION BATTERY ELECTRONICS 
DIVISIONS OF GLOBE-UNION INC. 


DEPENDABLE IGNITION SINCE 


Time and Failure Reporting, C. W. 
RUSSELL. Paper No. 336C. Time 
and Failure Reporting Program applied 
at Republic Aviation Corp. to obtain 
history of various systems and com- 
ponents prior to delivery of aircraft, 
and to use information to determine 
mean time between failures of in- 


1897 dividual systems and components. 
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Want better sealing? Then check these 4 
PRECISION “O” RING COMPOUNDS! 


The next step towards perfect sealing in your product may 
start with one of these 4 Precision “O” Ring Compounds. 
Use-proved, they are giving reliable service in hundreds 


of products. 


17507 Industrial Quality Viton, sealing to 550°F in air 
and oils. Long life service under acids, alkalies, aro- 
matic and chlorinated solvents. 

11307 Industrial Silicone for service range from —75° 
to 450°F in lubricating, hydraulic and pneumatic 


systems. 


1197 Compound for service in fuel oil, gasoline, fuel 
gas, anhydrous ammonia and lubricating oils. —45° 


to 250°F. 


12137 Polyacrylate service range from — 40° to 350°F in 
severe service with hypoid gear, and transmission 
lubricants, both “O” Ring and Lip Seals. 
Put maximum reliability in your product by coming to 
Precision for the right “O"” ring, made right, from the right 


compound. 


TS aes 
CRC ¢ “©” Ring and Dyna-seal Specialist 


3110 Oakridge Drive, Dayton 17, Ohio 
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Canadian plant at: Ste. Thérése de Blainville, Québec 


New Members Qualified 


These applicants qualified for admis- 
sion to the Society between April 22, 
1961 and May 22, 1961. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Alberta Group: Arnold Bohni (A), 
Percy Victor Clarke (A). 

Atlanta Section: John R. Curtis (J), 
Robert H. Patterson, Jr. (M). 
Baltimore Section: Car] Stanley Wein- 
berger (M). 


British Columbia Section: James 
Wilson Colbran (A), William Ellis 
Patey (A). 
Buffalo Section: Charles Calder Park 
(M). 
Central Illinois Section: Donald Robert 
Buerschinger (M), Morris Alfred 
Swanson (J), Charles H. Symmonds 
(J). 
Chicago Section: Theodore H. Clark 
(A), Milton James Gardiner (J), 
Dwaine W. Hubbard (A), Ashley 
Kennedy, III (J), Donald Jean Lindley 
(M), Jospeh A. Nava (M), Donald 
Robert Palmiter (M), Henry Ernst 
Rohrbein (J), Robert F. Schmidt (M), 
Leon N. Skan (M), Vincent J. Sloma 
(M). 
Cleveland Section: E.D. Abraham (M), 
Albert Carl Benning (M), Hans J. 
Heine (M), Harold Isaacs (M), Warren 
Krause (M), Merlin J. Miller (M), 
Richard G. Priest (A), M. J. Vause 
(A), Scott Weaver (A). 
Dayton Section: Walter Owen Hall (J). 
Detroit Section: Michael M. Bahn (J), 
Edward Francis Blackburne (M), Alan 
Copping Booth (J), Horace L. Browne 
(M), George Wilson Buike (M), 
Charles William Bugbee (M), Ronald 
Norman Burns (J), Richard Lyons 
Campbell (M), Walter H. Dallas (M), 
Peter S. Davis (M), John Joseph Doyle 
(M), Robert Gene Edwards (M), Jack 
C. Gunther (M), Paul Edward Halde- 
man (M), Anthony B. Hanson (M), W. 
Clifford Henderson (A), Donald J. 
Henry (M), George E. Henry (A), 
George Rusling Humphreys (A), Ben- 
ton Brown Lindamood (A), Donald 
George Lueck (M), Walter Mackey (A), 
Steven Albert Major (J), George Amos 
Miller (J), Herman E. Mozer (J), 
Robert Evans Newman (J), John E. 
Pursell (M), James M. Ritchie (J), 
Donald Frederick Scherer (J), Ivan 
Peter Shadko (M), James Knox Sliger 
(A), Harold Peter Snider (J), Donald 
George Terek (M), Lawrence A. Water- 
house (A), Wilson Harvey West (J), 
Gerald A. White (M). 
Fort Wayne Section: Louis Michael 
Hajmasy (J). 
Indiana Section: John Dudley Binford 
(J), Albert C. Booth (M), Charles Wm. 
King (M), Daniel William Patton (J), 
John K. Smith (J). 
Kansas City Section: David Lloyd 
Thomas (M), Allen Eugene Tucker 
(M). 
Metropolitan Section: Gene Hopkins 
(M), Irmin Otto Kamm (M), Theodore 
Calvin Larson (M), James Joseph 
continued on page 140 
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Morse quality timing chains: best 
the sun for more than fifty-six 


There are good reasons why Morse timing chains are 
original equipment in over 76% of all American cars. 
For more than 56 years they have provided perfect 
valve timing—like the timing of a fine watch, and 
every bit as quiet. Morse quality control is of the high- 
est order, from steel purchased in special mill runs, to 
laboratory hardness tests, to demagnetization. As a 
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finishing touch timing chains are even vacuum-cleaned 
to remove foreign particles which might affect long life. 
What better reasons could there be for anyone to spec- 
ify Morse? For further information, write: Morse Chain 
Company, Dept. 12-71, Ithaca, New York. Export 
Sales: Borg-Warner International, Chicago 3, IIl. In 
Canada: Morse Chain of Canada, Ltd., Simcoe, Ont. 


BOR G:*WARN ER 


a 


INDUSTRY 





BN a oe ee 


LU aT Delco-Remy! 
NEW DELCO-REMY HIGH-OUTPUT MOTOR 


Completely new series of high-output cranking motors! 
These 12-volt motors have the torque and speed to do the 
same job as 24-volt motors of equal size and on the same 
battery power. No need for series-parallel switches and 
their complicated wiring on engines up to 900 cubic inches. 
These solenoid-operated, over-running clutch type heavy- 
duty cranking motors come with special two-piece drive 
housings that permit 24 different motor mounting posi- 
tions. Their new 50°; longer brushes, together with seal- 
ing rings (optional) and large oil reservoirs (optional), 
assure extra-long operating time between overhauls. 
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TOTALLY ENCLOSED DRIVE SHIFTING MECH- 
ANISM is protected against dirt, water, slush and ice. 
This enclosure, plus the shaft seal and linkage seal, also 
blocks transmission oil leakage into the motor and solenoid. 


TWO-PIECE DRIVE HOUSING DESIGN permits 24 
different solenoid positions which allows greater stand- 
ardization—cuts fleet inventories. Nose housings are 
available in S.A.E. #2 and #3 mountings. 


HEAVY-DUTY SOLENOID AND SWITCH provide 
positive pinion engagement and safely handle maximum 
starting current. Special seals keep out foreign material 
and allow increased contact life. 
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ELIMINATES SERIES-PARALLEL SWITCHES 


FROM THE HIGHWAY TO THE STARS 


SPRAG CLUTCH DRIVE operates with non-chamfered 
ring gear. Pinion indexes on spiral spline, positively 
engaging ring gear before power is switched on. Engage- 
ment of the pinion and ring gear is maintained during 
intermittent or sporadic engine firing. 


HEAVY BRUSH INSPECTION PLATES resist dam- 
age from use and handling —are sealed to prevent leakage. 


Engine manufacturers are invited to write directly to 
Delco-Remy for complete information and engineering 
assistance on the specific application of these new motors. 


Fleet owners should specify this motor for new trucks 
through their truck dealers. 
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Delco-Remy 
electrical systems 


ei DELCO-REMY «+ DIVISION OF GENERAL MOTORS + ANDERSON, IND, 





the secret of Ford’s swing-away wheel 


The secret of the new swing-away steering wheel in the Ford 
Thunderbird is a flexible shaft between the stub shaft in the 
steering gear box and the upper steering rod. 
Here are the benefits derived from flexible shafts: 
1. Safety. Safety against failures is provided. 
2. Durability. Flexible shafts eliminate the possibility of 
play or lost motion at this juncture for the life of the car. 
3. Compact. The flexible shaft is more compact than con- 
ventional joints. 
4. Strength. In case of power steering failure, the maxi- 
mum torque would be 660 pound-inches, which would occur 
during parking on dry pavement. The flexible shaft can 
absorb this and much more. 
Here is another example of creative engineering with 
flexible shafts. Investigate for yourself how they can solve 
many of your design problems and at the same time 
reduce costs. 

S. S. WHITE INDUSTRIAL DIVISION, 
DEPT. 30F 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


SEP 
r 
IN FLEXIBLE SHAFTS 
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Rawlins (M), Charles Michael Twy- 
ford (J). 

Mid-Continent Section: Lavern Clif- 
ford Pelphrey (M), Roy Leslie War- 
ing (J). 

Mid-Michigan Section: Kenneth Al- 
fred Aho (J), Wilbur E. Johnson (M), 
Richard Allen Miller (J), John L. 
Seeley (J), Frank William Stillo (M). 
Milwaukee Section: Eugene Walter 
Cismoski (M), Dale Henry Hirasuna 
(A), Harold Melvin Nofzinger (J), 
Marvin George Pribyl (J). 

Northern California Section: Emiel T. 
Nielsen, Jr. (M), Gerald Joseph Roh- 
wein (J). 

Northwest Section: Paul Owen Mehner 
(J). 

Ontario Section: Gerben Hylke De- 
Jong (M), Kurt Denneler (A), Ronald 
Holman Doolittle (A), Allan S. Evans 
(M), Boris Grabb (M), Donald R. Hull 
(M), James Angus McDowell (A), 
James B. McIntosh (A). 

Philadelphia Section: Harry John 
Henrich (A), Paul Peter Merkel, Jr. 
(A), Andrew F. Rutkiewic (M), Willard 
Thomas Williams (A). 

Pittsburgh Section: Robert George 
Frank (J), J. Warren Stewart (M). 
Rockford-Beloit Section: John C. 
Morton (M), William H. Shinn (A). 
St. Louis Section: Walter Erwin Caesar 
(M). 

Salt Lake City Group: Alan Thomas 
Rowe (J). 

South Texas Group: Marvin E. Ander- 
son (J), Larry Lester Bowers (J). 
Southern California Section: James L. 
Edman (M), William J. Gage (M), 
Joseph E. Leach, Jr. (M), Philip 
Daniel Lohmann (A), Donald Gene 
MacGregor (J), Justus P. Nesbitt (M), 
W. D. Page (A), Joseph L. Schroeder 
(A), Stanley B. Van Dalsem (A), 
Thomas Cuthbert Waller, III (J), 
Harold N. Wantiez (J). 

Southern New England Section: Mer- 
ton Irwin Rosenberg (M). 
Spokane-Intermountain Section: Har- 
ley E. Stober (A). 

Texas Section: Glenn R. Simmons (A). 
Texas Gulf Coast Section: O. J. Cole 
(M), Ragnar Verner Hokanson (M). 
Twin City Section: Donald J. Arm- 
strong (M), Bernard George Chandler 
(J). 

Western Michigan Section: James 
Hugh Boyle (M), John J. Cummings 
(A), Francis Edwin Northon (J). 
Wichita Section: John C. Berwick (M). 
Outside Section Territory: Alb C. 
Ballauer (M), Donald Dean Faehn 
(J), Albert Carbis Hoyle (M), Merle 
LaVerne Kaesser (J), Glenn Richard 
Kroeger (M), James Thomas Mc- 
Laughlin (M), Jerry O. Pregenzer (A), 
Richard Dean Strunk (J), Raul Daniel 
Sundstrom (M). 

Foreign: Hector Ricardo Bunge (M), 
Argentina; William Elrick (A), Ma- 
laya; Giovanni Francesco Francia (M), 
Italy; William McKenzie Morrison 
(M), England; K. Rajendren (J), So. 
India; Srinivasan Sridhar (J), India; 
George William A. Stones (M), No. 
Africa. 
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a new ring development that 
promises major advancements 


through the magic of 


OLY- 


Cast Iron Compression Rings 


A recent development of Ramco Engineering may soon 
obsolete many of today’s compression rings. While still 
undergoing extensive testing in Ramco’s laboratories, some 
of the findings are spectacular — particularly in friction 
reducing benefits. 


Through a Ramco-developed process, the channeled face 
of a cast iron compression ring is filled with four to six 
thousandths of pure Molybdenum.The channeling leaves ten 
to twenty thousandths of cast iron at the top and bottom 
of the ring face. This means that the quick-seating qualities 
of cast irom are available and that the long wear charac- 
teristics of Molybdenum come into play for extra long life. 


The Moly-Filled Ring is but one of the many new advances 
in ring design we'd like to show you. There are others 
equally interesting. A phone call or letter will put the 
facts on your desk. 


Piston Rings\by THOMPSON PRODUCTS RAMCO DIVISION 
Thompson Ramo Wooldridge inc. + pe. o. Box 513 


reer TRW Dept. Q, St. Louis 66, Mo. 
AUTOMOTIVE GROUP Zc SSI 


THOMPSON PRODUCTS | THOMPSON PRODUCTS | THOMPSON PRODUCTS | THOMPSON PRODUCTS | THOMPSON PRODUCTS 
LIGHT METALS MICHIGAN DIVISION | VALVE DIVISION RAMCO DIVISION | MOTOR EQUIPMENT 
DIVISION ' | MANUFACTURING DIVISION 


' 
Copyright 1961 Ramsey Corporation 0-107 





Applications Received 


The applications for membership re- 
ceived between April 22, 1961 and May 
22, 1961 are listed below. 


Alberta Group: Pat Allen Baxter 


Buffalo Section: Edward Harold Wan- 
nenwetsch 


Chicago Section: Leonard Simon Ban- 
aszak, George James Benuska, Gerald 
Jerome Farrell, Howard E. Hruska, 
Edward William Luecht, Karle Baker 
Meyer, James Ladd Srch, Joseph 
Francis Vosmik 


Cincinnati Section: Alfred F. Hegerich 
Cleveland Section: Derek Dawson, Paul 
Allan Reid 

Dayton Section: Ronald Jerry Cole- 
man, John David Elam, Robert W. 
Pfeil, John N. Snodgrass 


Detroit Section: George Steve Aradan, 
James Dillon, Donald LeRoy Glossop, 
Jr., Richard Herman Johnson, John 
Thomas McPherson, Frank George 
Meyer, Richard Frank Moons, George 
Nastas, Michael Leo O’Connor, Homer 
Lourn Perry, Jr., Henry W. Potoczak, 
Seymour Salinger, Albert Lawrence 
Schaller, Wayne Douglas Waterfield, 
James R. Weller, Lee B. Wescott 


Fort Wayne Section: James C. Hoelzer, 


You CAN get TROUBLE-FREE 


EXCLUSIVE CENTURY 3C 
METERING VALVE INSURES 
CORRECT AIR-FUEL MIXTURE 


TRIPLE-ACTION 

FUEL FILTER AND 
ELECTRIC FUEL 
SHUTOFF COMBINED 
LARGE...or... SMALL 


COMPLETE REGULATION AND VAPORIZATION 
IN ONE UNIT PROVIDES SELECTIVE 
LOCATING, EASE OF SERVICING. 


ENGINEERING 


The advanced Century Engineering 
provides leading LP-Gas carburetion 
systems featuring maximum efficiency 
plus simplicity for all applications. 


MOST COMPLETE LINE 
FOR ALL LIFT TRUCKS 


There is a specific Century System, 
from stock, for every lift truck. 


MOST COMPLETE 
NATIONAL DISTRIBUTION 


Century Distributors «ind dealers are 
especially trained to insure PROPER 
CONVERSIONS AND SERVICE. 


GET THE COMPLETE FACTS... 
SEND FOR FREE BROCHURES 


Robert William Kickel, Forrest Denver 
Thomas 

Indiana Section: Norman Rush Brock, 
Dale Richard Chambliss, James B. 
Kelly 


Kansas City Section: Carroll C. Moore 


Metropolitan Section: Mark Louis 
Auriana, William R. Foley, Bernard 
Los, William E. McTurk, John Richard 
Muldowney, Leonard N. Sperber, 
Gerald Burlson Thomas 
Mid-Michigan Section: Earl Charles 
Boitel, Jr., Albert Kehren Mooney, 
Leslie L. Shafer 

Milwaukee Section: Richard Robert 
Booy, Robert Kenneth Luft, Sven O. 
Sandbolm, Richard P. Savio 


Montreal Section: John Anderson, 
Philip Surtees Hutchinson 


Northern California Section: Daniel 
Curtis Durie, Gerald Edwin Nelson 


Northwest Section: Alexander Severo 
March, Donald Louis Mellinger, David 
Don Schuman 

Ontario Section: Mervyn Barretto, 
Kenneth Cashmore, William Glen 
Fouse, Jack Edward Hollands, William 
M. Hood, James Graham McGill, 
Donald Grant Norris, Dusan Tosic 


Oregon Section: George K. Austin, Jr., 
Walter Eric Schmunk 


Philadelphia Section: Louis Peter 
Caira, Edwin R. Dunbar, Sidney J. 
Lipschultz 
Pittsburgh Section: 
Klauss 

Southern California Section: Theodore 
Austin Bekins, Andrew B. Casale, Ash- 
ton W. Davis, Ward B. Dennis, Anthony 
Peter Freitas, Herbert Fritz Goldner, 
Gerald Nels Ostrom, Stanley E. Phil- 
lips, E. S. Quilter, Ewen Jack Rendell, 
Robert B. Stewart, Granville Cook 
Stone, Clifford William Moore 
Southern New England Section: John 
James Georgas 


Texas Section: Lucian A. Childs, Jr., 
James Edward Martin, Thomas Oliver 
York 


Texas Gulf Coast Section: James Al- 
bertson Cowan, Jr., Ottie R. Eads, 
Fred Byron Hudspeth, William Lee 
Lingenhoger 

Twin City Section: Richard Carl 
Gaard M.D., Douglas D. Dankel 


Western Michigan Section: Robert 
Max Kahlow 


Wichita Section: Haynes Clark 


Outside Section Territory: Jesse An- 
thony Baldwin, Robert L. Franklin, 
Richard Jack Galvin, Clarence LeRoy 
Harms, Edward Joseph Hauser, Lee 
Cleveland Hull, Jr., Edwin Francis 
Kalvin, Gordon J. Wavrek, James 
Edward White, Sr., James Cecil Wil- 
son, Jr. 

Foreign: Charles Belli, Malta; Wilfred 
Bright, Germany; Herbert Brockhaus, 
Germany; Asoke Chandra Chattopad- 
hayay, West-Germany; Francis Leslie 
Golightly, England, John Romaine 
Ellis, England; Raul Martinez, Argen- 
tina; Thomas Edwin Maxfield, 
England; Angarai Vaidyairama Ra- 
malingam, India 


Paul Raymond 
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EXCLUSIVE f 


oI 


a. 


the Complete Line on Polyester Film 
and every film with “engineered”’ drafting surface 


Only K&E offers you all the film-based 
media for your drafting and reproduc- 
tion needs, and they're all working 
products, designed to permit additions 
or deletions. The same engineered 
drafting surface throughout enables you 
to standardize on drafting techniques, 
and the same base throughout means 
constant behavior characteristics under 
exposure to light, heat, moisture, etc. 


1. HERCULENE® — the unchallenged 
leader among drafting films, with better 
than ever working properties for pencil, 
ink, and typing. Now with a choice of 
specialized writing mates: Duralar plas- 
tic pencils render tracings that are com- 
pletely washable in soap and water... 
new Ruwe pencils have all the fine 
“feel” of graphite, yet resist smudging 
better than graphite on regular paper. 


KEUFFEL & ESSER CO. 


NEW YORK + HOBOKEN, N. J. * PHILADELPHIA + DETROIT 


2. PHOTACT® —the photographic 
second original on film that can be 
processed with regular paper developer. 
Image lines can be manually erased, too 
(no eradicators needed). Underneath 
—an excellent drafting surface for 
changes or additions in pencil, ink or 
typing. Available in three film types: 
Contact, Direct Positive, and Projection. 
3. DUPRO® — for ink-like second orig- 
inals that can serve as working copies. 
Image lines are smudge-proof, with ap- 
pearance and permanence of photog- 
raphy, yet are easily removed with soft 
vinyl eraser. For additions or changes 
in pencil, ink or typing: a perfectly bal- 
anced drafting surface underneath. An- 
other advantage: wash-off emulsion 
permits processing in room light — no 
darkroom needed. 


4. HELIOS® — for intermediates of ex- 
ceptional ruggedness, produced easily, 
quickly, and at low cost by the standard 
dry diazo process. Mechanical erasure 
removes image lines (no eradicators 
needed); engineered drafting surface 
on the reverse side. Unsurpassed line 
density and background clarity —black 
line or sepia. 


5. STABILENE® — the re-stabilized 
drafting medium with unsurpassed 
dimensional stability. Ideal for highly 
precise work, like the preparation of 
multi-color maps, printed circuitry, loft- 
ing layouts, tools and templates, etc. 
Available with more than 20 types of 
surfaces—for pencil and ink work, scrib- 
ing, peeling, stripping, and a variety of 
reproduction methods. 

For more information on any of 
these popular K&E polyester-base films, 
simply mail the coupon below. 


KEUFFEL & ESSER CO., Dept. $J-7. Hoboken, N. J. 


Gentlemen: 


Please send me your new brochure titled “Complete Line on Polyester Film.” 


Name & Title: — vn 
Company & Address: 





CHICAGO + MILWAUKEE « ST. LOUIS + DALLAS + DENVER 
SAN FRANCISCO + LOS ANGELES » SEATTLE » MONTREAL 
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Bundy can mass-fabricate practically anything 





If you use tubing that requires fabricating—anything from simple 


bends to special forming and machining—it will pay you to talk to 
Bundye. Many of these mass-fabricating operations have been 
developed by Bundy especially for automotive use, and one of 
them may solve a difficult tubing problem for you. Your parts will 
be mass-fabricated from Bundyweld, the leakproof double-walled 
steel tubing. Bundyweld has long been the safety standard of the 
automotive industry and is covered by ASTM 254; and Govt. 
Specification MIL-T-3520, Type III. Can Bundy help you? Phone, 
write, or wire: Bundy Tubing Company, Detroit 14, Michigan. 


BUNDY TUBING COMPANY « DETROIT 14, MICH. « WINCHESTER, KY. « HOMETOWN, PA. 


World’s largest producer of small-diameter tubing. Affiliated plants 
in Australia, Brazil, England, France, Germany, Italy, Japan. 





Bundyweld, double-walled from a single 
copper-plated steel strip, is metallurgi- 
cally bonded through 360° of wall contact. 
It is lightweight and easily fabricated... 
hasremarkably high bursting and fatigue 
strengths. Sizes available up to %” O. D. 


Small-diameter tubing components mass- 
fabricated by Bundy may be the answer 
to your design problem. The Bundyweld 
tubing shown above is: (1) saddled and 
soldered, (2) double-beaded, (3) bent to 
minimum radius, (4) grooved, (5) ex- 
panded, (6) precision-ground, (7) swaged. 


BUNDYWELD. 
TUBING 





Environmental and secondary 


power systems for multiman 


spacecratt... 


+ 


1. Main cabin 
environmental control 
Catalan cryogenic 
atmosphere. supply cooling 
system, pressurization and 
constituent controls 
water purificatio 
eo abt e emergency 
environmental control 
AS Titi 
ce] Back pack" breathing 
and pressurization system 
3 Secondary power 
AIT Ma tal els 
re-entry turbine, pump 
alternator and cryogenic 
fuel supplies 
5. Attitude control systen 
reaction motor, fuel 
ad attitude « eis age) Ks 
fo] tana entation 
flight data and 
physiological monitoring 


tem 
systems. . 


Manned space flight requires reliable and efficient thermal Their design reflects Garrett’s 20 years of leadership in 
and atmospheric systems and secondary power equipment. developing and producing secondary power and environ- 

Complete and integrated systems, as pictured, are being mental controls for aircraft and spacecraft, including 
studied or under development at The Garrett Corporation. NASA’s Project Mercury life support system. This unique 
Through optimized design they offer an unmatched degree capability offers an unequaled source of research, develop- 
of compatibility and high performance. ment and production to the government and industry. 


THE CORP OH ATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Sl ile asl 8 7a -Fm Lio 
Dansville, N. Y. 


"LIPE CLUTCHES 


cut our clutch maintenance problems to a minimum! 


“As an LTL Carrier working in a 75-mile area, our cost per ton-mile, number of disengagements, down-time or 
trucks make up to 50 delivery stops a day,” declares Main- labor, the Lipes give distinctly superior service. What's 
tenance Supervisor Alton Isaman. “That makes clutches more, every clutch in our 65-unit fleet .. . original and re- 
one of the most vulnerable spots in the power train. placement . . . will shortly be changed over to Lipe.” 

“When we started replacing with Lipe, we cut our Continuing experiences like these show how, with 
clutch maintenance problems to a minimum.” fleets everywhere .... 


Mr. Isaman continues: “Whether we measure them by LIPE DELIVERS IN THE CLUTCH 


© tliPEe—-ROLLWAY CORPORATION, SYRACUSE, NEW YORK 
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SHE AUTOMOTIVE 
DRAFTING 
MANUAL 


7m -66 


3°* Edéttiou 


Society of Automotive Engineers, Inc., 485 Lexington Avenue, New York 17. N. Y. 


Please send me the new, third edition of the SAE Automotive Drafting Manual. 
It is priced at $8.00 to members and $16.00 to non-members. 
NOTE: Please add 3% city sales tax for deliveries in New York City. 


—_.CHECK OR COUPONS ENC. N 
—__BILL COMPANY COMPANY. 


—__BILL ME COMPANY ADDRESS 


__.FREE CHECKLIST OF SPECIAL —_FREE CHECKLIST OF CRC REPORTS 
PUBLICATIONS AND MEETINGS PAPERS 
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ung-Sol has achieved remarkable 
ae in meeting the ever higher quality 
demands of the automobile industry 
while lowering the cost of Tung-Sol products 


) TUNG-SOL 


TUNG-SOL ELECTRIC INC., NEWARK 4, N. J./ TWX: NK193 


HEADLAMPS * MINIATURE LAMPS * FLASHERS 


SAE JOURNAL, JULY, 1961 





MORE THAN 
200 MILLION EXTRA 


amounts of work. Can be dis-engaged 
at any speed giving positive thru-drive 


PAYLOAD IN JUST 5 YEAR¢ \aia 


WITH ROCKWELL-STANDARD 


AM ae 


Stronger Gear Sets. Hypoid gearing pro- 
vides up to 30% more strength than 
spiral bevel gears of the same size. 
Modern hypoid design allows larger 
and stronger pinions with greater tooth 
contact area... assuring top efficiency 
and long life. 


In the five years since Rockwell-Standard 
introduced their Lightweight Tandems, thousands 
of users have rolled up millions of extra ton miles of payload. Check 
the superior features illustrated at right. They are some of the rea- : 
New Suspension Pushes Tandem 


sons why these axles are first choice with over-highway operators: Weight Savings Over 1000 Lbs. Rockwell- 
Standard’s “taper-leaf” springs coupled 
with the latest in ae . 
eas system designs is up to l iter 
Pius these additional Rockwell-Standard advantages: than comparable units. When combined 
with the payload advantages of the 
hi Lightweight Tandem you can save more 
@ In-line drive reduces wear on @ High degree of parts than 1000 pounds per trip. This means 
working parts interchangeability thousands of ton-miles in extra payload 
; per year. 
© Large selection of gear ratios © Torsion-Flow axle shafts 


© Wide range of capacities — 8 models from 22,000 to 44,000 pounds 


pier Paoiity.. ROCKWELL-STANDARD sR, ‘ 


CORPORATION 


Transmission and Axle Division, Detroit 32, Michigan 
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PROTECTS 


ts 
aaa 
Sea 


. Hobts 


aT st st oe 


TOTAL HOURS 


Re 
4 


f 


Hobs HOUR METERS 


assure UN //ME mainteNaNceE 


A recommended program of planned maintenance 
based on OPERATING TIME promotes better care 
of your product through correct attention at the 
right time — helps protect its reputation for top 
performance and dependability. 

HOBBS HOUR METER is a true electric timing 
instrument which shows operating time in hours and 
minutes. No revolution counter can give a reliable 
indication of total engine time in a!l speed ranges. 
These efficient elapsed time indicators can also 
provide a realistic basis for buying and selling 
used equipment — show the actual running time of 
eased equipment. Ideal for warranties and service 
contracts. Models available for Alternating Current 
and Direct Current. 


COMPLETE LINE OF PRESSURE SWITCHES 


Industry approved for a wide range of 
applications — single circuit and dual 
circuit; grounded and non-grounded; 
preset pressure ranges of from 3 to 60 
psi. Pretested at 150 psi. 

Also manufacturers of shock-mounted 
head, tail and dash lights for off-the- 
highway equipment. 


Distributors in Principal Cities 


WRITE FOR CATALOG 600 


SAE JOURNAL, JULY, 1961 


SOUTHWEST 


ye 


SELF-ALIGNING BEARINGS 


o o= 


PLAAN TYPES ROD END 


- TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 
RECOMMENDED USE 


For types operating under high 
temperature (800-1200 degrees F.). 


ANALYSIS 
Stainless Stee! Ball and Race { 


For types operating under high radial 
ultimate loads (3000-893,000 Ibs.). 


For types operating under normal loads 
with minimum friction requirements. 


Chrome Alloy Stee! Bal! 
and Race { 


Bronze Race and Chrome { 
Stee! Ball 


**Dyflon’*® Plastic Alloy 

Inserts. CRES Ball and Race. 

Chrome Alloy Steels. 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Our engineers 
welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your 
demanding conditions. Southwest can design special types to 
fit individual specifications. Write for Engineering Manual No. 
551. Address Dept. SAE61. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


high radial loads and long cycle life 


For types operating under rotational, 
where lubrication is impossible. 


goeecccecocococes 


SAE JOURNAL 
THE 
AUTHORITY 
ON 
AUTOMOTIVE 
AND 
AIRCRAFT ENGINEERING 


SAE JOURNAL 
485 Lexington Ave., N. Y. 17, N. Y. 


For any automotive use of 


MOLDED FIBER GLASS 


Call the pioneers and experts. 
Free literature, counsel and quotations. 
No obligation. Write: 


Molded Fiber Glass Body Co. 


4639 Benefit Avenue *. Ashtabula, Ohio 





Leather packings 
start here...and 


the good ones 
have the 


IPC brand! 


When it comes to leather . . . ask for 
analysis! There are so many variables 
that must be answered; torque, fric- 
tion, toe-in, break-in period, temper- 
ature, shaft speed, impregnation . . . 
to name just a few. 


Only IPC’s “custom” approach can 
assure your getting the best possible 
solution to your problem. When 
you're rounding up new packings or 
oil seals, talk it over with your IPC 
sales“engineer. He knows how to 
handle the tough ones! 


OIL SEALS 
PACKINGS 
PRECISION MOLDING Custom designed for your application 


INTERNATIONAL PACKINGS’ < ore oration 


Bristol, New Hampshire - 
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Quality Control is a BORG & BECK tradition that means 


At Borg & Beck, quality control is not just a phrase to 


which we pay lip service. It is a tradition born of the long- 
standing Borg & Beck policy of building up to a standard 
—not down to a price. 

In the photograph at the left, for example, release levers 
are being checked on special equipment to make sure they 


are parallel with the pressure plate. As shown at the right, 
every Borg & Beck clutch plate is carefully tested for correct 


deflection to assure positive release. And every driven plate 
and cover assembly is dynamically balanced for maximum 
smoothness of operation. 

These exacting tests are typical of the extra care that 
goes into every step in the making of Borg & Beck clutches. 


They are your assurance of top quality, top performance, 
top value. And that means: BETTER CLUTCHES. 


BORG «. BECK 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 





RECOMMENDED 
OR O.E.M. USE —- 


ae 


when 

bearing 
requirements 

call for 


SOMETHING 
EXTRA 


NORRIS 


No matter what type of bearing — babbitt, sintered copper-lead, aluminum — 
McQuay-Norris makes 'em! And from our years of experience, you can be 
sure of that something extra in quality and performance. 


McQuay-Norris bearings are made to S.A.E. specifications. They are precision 
designed to give superior service...cooler running... better heat transfer. 


For stronger and longer bearing life, you can depend on McQuay-Norris bearings. 


MCcQUAY-NORRIS MANUFACTURING CO., ST. LOVIS + TORONTO 





VERSATILE, DEPENDABLE 


RY TTL [5 


Lightweight options 
with aluminum 
housings: 


@ Model 5-CA-72 

@ Model 5-CA-720 
® Model 5-CA-73* 
® Model 5-WA-74 


93 pounds lighter 


* designed specifically for use with 
Eaton 3-speed tandem axles. 


e@ é- gY LLE Be TRANSMISSION DIVISION 


EATON MANUFACTURING cCOMPAN Y @@ 
KALAMAZOO, MICHIGAN 


Seles & Service: West. Dist. Branch, Oakland 6, Col. * Southwest Dist. Office, Tulsa 3, Okla. * Automotive Products Co., Ltd., Brock House, Langhem St., London W.!, England, European Rep. 
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PRESSURE? 


VISCOSITY? 


TORQUE? 


TEMPERATURE? 


POWER PROBLEMS’ ... tailored” hydraulic 


fluids meet new physical, chemical demands 


New developments and designs in 
hydraulic systems frequently ask for 
fluid performances that aren’t possible 
with present materials. And that’s 
where the Dow Automotive Chemicals 
Laboratory can step in and “tailor” a 
fluid that will meet just about any 
physical or chemical need. 


For many problems, a ready solution 
is frequently found by improving the 
existing formulation—for example, 
adding a thickener to alter viscosity 
characteristics. Other problems re- 
quire a totally new material. Here’s 
where the chemist has a special advan- 
tage—if he doesn’t have the right fluid, 
he can make it! At the Dow Auto- 
motive Lab the chemists and automo- 
tive engineers are particularly well 
equipped to create new hydraulic fluids 
to extremely exacting specifications. 


An example: a new Dow formulation 
was recently developed for a single 


central-power fluid to actuate 
steering, brakes, windows, and other 
accessories. To aid the Automotive 
Industry, the laboratory resources and 
experience are available to assist in 
particular problems. 

With Dow’s broad background in hy- 
draulic fluid technology and a long list 
of glycols, Dowanol® glycol ethers, and 
other polyols, a ready answer to many 
hydraulic fluid needs may be achieved. 
ENGINE COOLING. Ebullient cooling 
for passenger cars is under continu- 
ing research at the Dow Automotive 
Chemicals Laboratory. The increased 
flexibility of the system is expected 
to allow more freedom in the place- 
ment of radiators, for example, re- 
mote from their present location. This 
thought is intriguing to designers! 
VORACEL' 
urethane is 
advantages 


foamed-in-place, rigid 
showing real economic 
over cut-and-paste batt 


THE DOW CHEMICAL COMPANY 


applications. Application of the new 
water and chemical resistant foam 
may be either by a spray or pour 
operation for insulation, structural 
support, sound deadening, “pocket” 
sealing, and surface protection. 


DOW AUTOMOTIVE CHEMICALS 
LABORATORY 


Created expressly to serve the needs of 
Dow's Automotive 
Laboratory is active in technical 


the automotive industry 
Chemicals 
service and development. This laboratory 
is continually researching and developing 
coolants, hydraulic fluids, cutting and grind- 
ing fluids, functional fluids, fuel and lubri- 
ant additives, and synthetic lubricants. To 
see how this laboratory can be of assist- 
ance to you, contact your nearest Dow 
sales office or write to Chemicals Merchan- 
dising in Midland 


Midland, Michigan 





Bearing at left has 1.75” bore, 
while tandem bearing in main 
iC rsie itl Mit te ARO lle old 


ere i ielils (eta ME soli Let] 1° Me 


Over 400 Cataloged Thrust Bearings 


to fit your every need... 


Select from 7 


When you need a thrust bearing, no matter how special, ROLLWAY 
Rollway is ready with the know-how and the precision machinery Standard Types 


ci ‘ 2 i 7 
to design and produce it for you. duiianiids; ann dnl 


Our engineers will gladly consult with you regarding any ready for production with 
standard or special-purpose types you need. No cost. No load capacities to 
obligation. Rollway Bearing Co., Inc., Syracuse. N. Y. 4,800,000 pounds. 

Ask for Catalog 


Complete line of Radial and Thrust Cylindrical Roller Bearings PT-659. 


ENGINEERING OFFICES: 


® 
a q i. L li Q ‘ Syracuse * Boston * Chicago * Detroit * Toronto 


Pittsburgh * Cleveland * Seattle * Houston 
B E A R ! N GS Philadelphia * Los Angeles * San Francisco 
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Why start with this Ble 


~ When you can 


use A-L 
cast-to-shape 
tool steel! 


and save *1,250 on the finished job! 


Here's how a manufacturer of automobile horns saves 
$1,250 on this die retainer or holding block by specify- 
ing an Allegheny Ludlum Cast-to-Shape tool steel, 
prehardened to specifications 

The block contains 1250 pounds of expensive alloy 
steel. Also 150 hours of machining time at a cost of 
$1,000 are needed to fabricate it into a die retainer. 

The Cast-To-Shape tool steel weighs only 650 
pounds—a $250 savings in metal that would have 
ended up on the floor as chips. With only 4"’ to %”’ 
of surplus stock on its surface, Cast-To-Shape tool 
steel requires one roughing and one finishing opera- 
tion to complete the job. 

The estimated total savings by using Allegheny 
Ludlum Cast-To-Shape tooling, including the extra 
for pattern cost, amounts to $1,250. 


Allegheny Ludlum Cast-To-Shape tool steel cast- 
ings are available in a full range of grades. There's one 
to fit your needs. Write for booklet FC-4. It’s free. 

The new edition contains 28-pages of technical dis- 
cussion on A-L’s Forging and Casting Division with 
applications, pattern information, design tips, analyses 
and heat treating instructions. 

The booklet also covers details of the flat forgings 
of tool, SAE and stainless steels available from the 
Forging and Casting Division plus information on 
cost-cutting Composite Dies. 

To find out how you can cut costs on complex 
tools, using F & C products, call your nearest A-L 
Tool Steel representative or write Allegheny Ludlum 
Steel Corporation, Forging & Casting Division, 
Ferndale, Detroit 20, Mich. Address Dept. SA-7. 


,  ALLEQHENY LUDLUM 
FORGING AND CASTING DIVISION 
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keep the 


“BELT LINE” 
onue 


with the right woven pile from Schlegel 


Here, at the “‘belt line’ of a modern automobile win- 
dow, a weatherstrip must snuggle closely against the 
glass, sealing out dust and moisture. But the seal 
can’t be so tight that the glass doesn’t move easily. 

This is where you need the extra resilience of 
Schlegel weatherstrip pile. 

See how the individual strands of yarn in Schlegel 
pile bend against the glass surface? Their natural 
resilience keeps the glass firmly in place, holding an 
effective seal for the life of the automobile. It compen- 
sates for even the widest manufacturing tolerances. 

The pile you see is uniformly dense throughout and 
it stays dense to keep its sealing qualities for years. 
It’s almost impossible to wear out. 

To you, the extra quality we build into Schlegel 
pile means easier window movement; rattle-free, 
trouble-free windows; better sealing qualities—and 
complete dealer and customer satisfaction. 

See what Schlegel woven pile can do for you. Check 
a sample in your wear-testing lab. When you specify 
glass run channel or belt strip assemblies, be sure to 
specify Schlegel woven pile liner—favorite of the 
industry since glass windows were first used in cars. 
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Glass moves friction-free, wet or dry, in this glass run channel 
with Schlegel woven pile liner. 


Sehlegel 


SERVING THE AUTOMOTIVE INDUSTRY 
SCHLEGEL MANUFACTURING COMPANY 


1555 Jefferson Rd., Rochester 23, N. Y. 
In Canada: Oakville, Ontario 





AT BCA everything's new but the name 


BIG PICTURE—100 TIMES ACTUAL SIZE— 
checks ball bearing geometry 


BCA engineers take a close, “big” look at the configuration 
of inner and outer rings of ball bearings with this contour 
projector. It magnifies profiles up to 100 times actual size— 
makes possible extremely accurate measurements and control 
of all geometric characteristics of raceway rings. 

This contour projector provides essential information for 
BCA research in developing new and modified bearing de- 
signs. It also evaluates the production performance of pre- 
cision tools and machine set-ups by checking the profiles of 
production raceway rings against precise design specifications. 
[his device is only one of many BCA quality control measures 
that help assure uniformly high ball bearing quality. 


BEARINGS COMPANY Sate 
OF AMERICA 


New BCA laboratory facilities also include a variety of spe- 
cially designed testing machines that simulate actual or ex- 
aggerated operating conditions. On this equipment, bearings 
are studied under exact operating conditions of the customer’s 
application . . . and tested to exceed his specifications. 


BCA ball bearings for original equipment as well as replace- 
ment use are made in a complete range of types and sizes. 
They serve practically every kind of industry . . . automotive, 
machine tool, construction and agricultural equipment, to 
name a few. For complete information, for experi- 
enced engineering counsel on bearing applications, 
contact: Bearings Company of America, Division of 
Federal-Mogul-Bower Bearings, Inc., Lancaster, Pa. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


TEL aS 
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— roy] a 
Lapel? y; ie ; SEALS 


An SAE Emblem 


e Distinguishes you 
as an SAE member 


e Is an attractive 
gold-filled clutch- 
back pin 


e Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for, delivery in 
New York City 


6° 
CJ 
ACTUAL SIZE 


GOLD on BLUE Member Grade 
GOLD on RED Associate Grade 
GOLD on WHITE Junior Grade 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


Please send me an SAE emblem. Enclosed is my 


check for $ ($1.50 plus applicable taxes). Bias WESTON of Ur mal 


Enauiriesto: 


Grade of membership (please check) 
(]) Member C0 Associate 0 Junior 


ad 


ff 
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CROPS OR POLES...BEARING MUSCLE HELPS PLANT ’EM BOTH! 


From plowing and seeding to digging post holes, the farmer 
depends on his tractor and implements for plenty of muscle, 
when and where needed. It’s no wonder he looks especially 
for stamina and proven dependability in the new equipment 
he buys. For this reason, farm equipment manufacturers se- 
lect vital components with great care. Leading tractor and 
implement makers, for instance, use Bower Roller Bearings 


OVE 


ROLLER 


as original equipment. Bower’s original contributions to ad- 
vanced bearing design, plus painstaking quality control, re- 
duce bearing maintenance and failure to a practical minimum 
. . . help manufacturers keep their equipment rolling. For 
your bearing requirements, Bower provides a complete line 
of tapered, straight and journal roller bearings. Bower Roller 
Bearing Division, Detroit 14, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


belies) 
Pe ee 
Per 


Roller bearing life and capacity are linked to stress distribution. Photoelastic studies indicate 
both magnitude and distribution of stress. Identical loads show dangerous edge-load stress 
build-up in conventional roller (left) . . . Bower “Profiled” roller (right) eliminates points of 
excessive stress concentration. Result—improved load-carrying capacity, increased life. 
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DYNAMIC PERFORMANCE 
AT ECONOMICAL COST 


ZOLLNER 
ENGINEERED 


FOR HIGHEST WEAR RESISTANCE 
FOR COOL OPERATION 

FOR MINIMUM OIL CONSUMPTION 
FOR MINIMUM WEIGHT INCREASE 
FOR ECONOMICAL COST 


A Superbly Designed Piston with... 


mya! ©) 


RING SECTION 


ZOLLNER CORPORATION «+ FORT WAYNE, IND. 


FOUNDRY 
DIVISION 


HEAVY DUTY 
” PISTONS 


PRECISION PRODUCTION FROM ENGINEERING TO FOUNDRY TO FINISHED PISTONS 
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This hydraulic “torture tester’ used to blow its seals every few days, interrupting tests, delaying results, 
causing expensive maintenance. When auto producer switched to VITON seals (inset), trouble stopped. 


SEALS SNAPPED LIKE PRETZELS... 


until VITON® O-rings were installed in this hydraulic hose tester 


In the lab of a major auto producer, this pressure- 
impulse machine pounds power-steering hose with 
1500 psi surges of hydraulic fluid at 325° E at the 
rate of 600 cycles a minute—hour after hour. Good 
oil-resistant seals baked out, leaked badly—some- 
times within a few days; actually were too brittle 
to be removed intact. But now, VITON O-rings go 
for months without losing their resiliency or stabil- 
ity. They are replaced only on routine overhauls. 

Frequently, as in this case, VITON is the only 


synthetic rubber that can perform reliably in envi- 
ronments combining high heat with fuels, lubricants 
or hydraulic fluids. That’s why VITON is being 
used today for valve stem oil seals, accelerator pump 
cups. Other automotive applications include trans- 
mission pump seals, rear axle pinion seals and car- 
buretor needle valve tips. Contact your rubber 
supplier for more information, or write: E. I. du 
Pont de Nemours & Co. ( Inc.) , Elastomer Chemicals 
Department SAE-7, Wilmington 98, Delaware. 


VITON 


SYNTHETIC RUBBER 


REG. u 5. pat. OFF 


Better Things for Better Living . . . through Chemistry 





Remember when... 


Willie Hoppe won his 
Sis Championship at 65 


They'd called him “Boy Wonder” in 
1906 when he won his first champion- 
ship. Now in 1952, he was “Old 
Master’. What else would you call a 
pro who'd reigned over a game for 46 
years? True to his billing, he won 
the three-cushion crown—his 5lst 
championship. His secret? He was 
always positive he would make the shot. 

What gives pros that supreme con- 
fidence? It’s years of experience and 
exclusive concentration on their 
chosen game. 

When it comes to bearings, put 
your confidence in the pros of the 
bearing business. Over sixty-one years 
devoted to the design, manufacture 
and performance of just one type of 
bearing — Timken® tapered roller 
bearings—have enabled the Timken 
Company to pack more and more 
capacity into a smaller and smaller 
bearing that costs you less. You can 
have confidence that Timken bearing 
engineers will save you time on the 
assembly line, money in warranty 


costs. 


Bearing Pro JACK SPLITSTONE says: “We're positive we 
have the most economical solution to your bearing problem.” 


Put this experience to work for 
you. Call in the pros of the bearing 
business. The Timken Roller Bearing 
Company, Canton 6, Ohio. Cable 
address: ““Timrosco”. Makers of 
Tapered Roller Bearings, Fine Alloy 
Steel and Removable Rock Bits. 


TIMK 


Tapered Roller Bearings 


made by the pros of the bearing business 








